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PREFACE. 



NorwiTHSTAironfa that the subject of Strains has been ably 
treated of again and again, it is difiBoult in submitting this 
little work to the public to avoid the almost stereotyped ex- 
pression that " the design has been to supply a want long felt 
in the profession;" for the numerous volumes which have 
appeared on the subject have not, principally on account of 
their elaborate investigations, been calculated to a£ford that 
ready assistance which in the ordinary run of o£Sce and other 
work is being continually needed, while on the other hand, most 
of the general Engineering Pocket-books, not having been abl» 
to afford sufficient space to do justice to the subject, have beea 
compelled to leave its treatment incomplete. It is hoped, 
therefore, that by devoting a small work, in a handy form, 
entirely to Bridge and Girder Calculations, without giving mor& 
than is absolutely necessary for the complete solution of prac- 
tical problems, both the above obstacles to quick and satisfac- 
tory manipulation may be overcome. 

One of the chief features of the present work is the exten- 
sive application of simply constructed diagrams to the calcu- 
lation of the strains on bridges and girders, the advantages of 
which as a system, most undeniably far outweigh its disad- 
vantages. The parabola (anything but a troublesome figure' 
to draw) and a few right lines are all that are required. 



There is, again, a more general application of the Moments 
of Bupture, and Shearing Forces, to open-webbed girders of all 
kinds, than has hitherto been attempted. 

It was originally intended to divide the whoU work into 
three sections or chapters, similar to those actually adopted 
only for the middle portion (pp. 24 to 60), which chapters 
should correspond with the various processes in the design of 
a bridge, thus making the very arrangement of the work a 
general guide. But it was afterwards deemed advisable, as 
will be seen, to place the Moments of Bupture, and Shearing 
Porces, by themselves at the commencement, as a basis upon 
which the remainder is principally founded. 

In the following pages wiU. be found, almost necessarily, 
laany omissions, but care has been taken as far as possible 
to avoid inaccuracies. It wiU be observed that attention has 
l}een paid to the arrangement of the matter in different types, 
so as to facilitate as far as possible the manipulation of the 
contents. The work is not advanced with the pretensions of 
a treatise, as no itwestigations whatever are given, but merely 
tSieir results ; and these, it is hoped, in an intelligible and 
practical form, suited to the wants of the Engineer, Architect, 
Draughtsman, or Builder. 
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STRAINS IN BEAMS. 



1. The STABHiTr op a loaded beam or girder is founded on the 
equality that must always exist between the resultants of all the various 
external forces tending to cause its rupture, and the buei of the molecular 
reactions which resist the same. The former may be resolved — (1) Jiori- 
zontally into strains, depending for their value upon what are known as 
Moments of jRupture, or Bending Moments, tending to cause the failure of 
the beam, by tearing asunder its fibres in one part and crushing them 
together in another (4) : ajid (2) vertically into what are known as Shear- 
ing Forces, due to the transmission of the vertical pressure of the load to 
the points of support, and tending to cause contiguous vertical sections in 
the beam to slide over each other (171). The values of the molecular 
reactions are the Moments of Resistance, for which see (S04 — 814). 

MOMENTS OP EUPTURE. 

3> Abbreviations adopted in the Formnlse. 

Mi = moment of rupture at any point (x). 
Mi, Mb = ,, at points of support (A, B). 

Mc = ,, at centre of span. 

I = length of clear span = distance between supports in a whole 
beam =- distance between W and support in a serai-beam loaded 
with W, Where used in any other way explanation will be 
made. 
X — horizontal distance between the left abutment (encept where 

otherwise stated) and the point at which M is to be found. 
W = concentrated load at any point^(6l). 
w = distributed stationary or dead load per unit of length. 
■w' = „ moving or live ,, ,, (01). 

Def. = maximum deflection (821) for a beam of uniform section (883). 
I := moment of Inertia of the section of the beam (for value see 

204—814). 
E = modulus of elasticity (ITS) ; for value see 831. 

Other abbreviations will be explained as they occur. 

3. Note. I, x, and other horizontal distances when occurring in the same 
case, must be all of the same denomination ; and so also must w and w'. 

B 
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eiBAIKS IN BEAUS. 



4. Note.— The value of a formuU being Cneg^^e(-)) "'"'** *''*' 
the action of the load makes, or tends to make the upper surface of the beam 
( ^0.™^'} ^"^ therefore compresses together the fibres in the (3er) 

part, and stretches them in the ( ''''''^' ) part. 
Vupper/ 

5. In the DiASRAUs, the ordinates (the vertical distances from the 
horizontal, or other lines) to the curves, &c., as shown thereon, correspond 
to the values of the formulie accompanying them. If the diagram be 
drawn to scale in the manner directed, the Moments of Kupture may be 
obtained by direct measurement. 

Fig. A. Fig. B. 




The vertical lines, as in fig. A, correspond to positive, and those as in 
fig. B to negative values in the formulae (4). 

6. When a diagram is used in the calculation of the moments, it should 
be drawn immediately under, or over, and to the same horizMital scale as 
the outline sketch (53, III., and 59) of the girder itself, so that the ordi- 
nates in the diagram will correspond with the several points in the length 
of the girder to which they apply. 

7. Soml-Beam fixed at One Knd, and loaded with a Concen- 

trated Weiglit at the Other> 

Kg.l. 




Mi= -Wi . . . 


(*•) 


M« W{l-x) . 


(4-) 


WP 





Def. = 



3EI' 



Diagram, — Let A B be the beam (5, C). Draw 
A C = W 2. Join C to B. Then the vertical dis- 
tances between A B and C B will give the moments of rupture. 

8. Semi-Beam Fixed at One End, and loaded witli several Con- 
centrated Weights, W, Wi, Wj (37). 

Jli = _ (W i + Wi Zi -h Wj Zs) . . . (4.) 
M« =-- {W{l-x)+^^ (ii-i) + W,(i,-a;)} (4.) 

When {I— x) or (Z^— ar), or so on, is negative, 
it is to be omitted. 

Diagram. — Let A B be the beam (5, 6). Draw 
A D = W, Zj, D C = Wi i„ and A E = W i. Join 
D to B, E to W, and C to F, in the manner shown. Then the vertical dis- 
tances between C F B and E W B wiU give the moments of rupture. 
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9. Seml-Bcam Fixed at One End, and leaded Ijnlfoi-nily lt> 
Entire lengtli (38). 

M = — — 2~ ; one-half that due to the same 
load (w I) concentrated at the end. 

10 

M«= -r^d-xf . . (4.) 

wl* 
Def. =■; 



■8EI 
DiAGBAM. — Let A B be the learn (5, 6). Draw A C = 




wP 



Draw the 

parabola C B, whose vertex is at B (238). Then the vertical distances between 
A B and C £ will give the moments of rapture. 



a Koad IJniroruily IIii8* 



Pig. 4. 



s), then 



10. Semi-Beam Fixed at One End, witli 
itributed over Part of its Kcngth. 

Let z — the length of the load ; — 

Mi = — wsU — gj. 

When X is less than or equal to {I ■ 

Mi = —wz (l — - — x\ 

When X is greater than (i — s), then 
w 
Mx= --^{l-xf. . . . 

Diagram. — Let A B be the beam (6, 6). At A erect A C = ws (z — r 1. 

Join C to a point in A B at the mid length of the load s (as in the Fig.). 
Draw the semi-parabola D B (238) the same as for a beam of the length z, 
fully loaded (9). The vertical distances between A B and C D B will give the 
moments of rupture. 




(4.) 



II. Semi-Beam Fixed at One End, and loaded with :i Vni- 
rormly Distriliuted load, and also a Concentrated load at its 
Extremity (39). 



Mi= -(W+gj? (4.) 

M. = -{yf{i-x}+'^{i-xy) (4.) 



Fig. 5. 



i» /W 



w l\ 




wP 
DiAGEAM.— Let A B be the beam (5, 6). Draw A C = -g , and A D = 

W I. Draw the parabola C B (as in 9) with its vertex at B (238). 
Then the vertical distances between D B and B will give the moments of 
rupture. This is but a combination of (T) and (9). 

B 2 



4 STRilHS IN BEAMS. 

la. ncRin Snppoitcil at Both Ends, and Loaded at the Centre (40). 



rig. 6. 




Mi = Mb = 0. 



Mc 



Wl 



Mi = -s~ (a; being measured from 
the nearer pier). 

^^^- ~ 48 E I* 

Diagram. — Let A B be the beam 

W I 
(6, 6). At mid-span erect CW = -r- Joio C to A and B. Then the 

-vertical distances between A B and A C, C B will give the momenta of rupture. 



13. Bcnm Supported at Both Ends, and loaded iHth a Con- 
centrated IVcleht at any Point (41). 

The greatest moment will always be obtained at the point of application 

Waft 
Pig. 7. of the load, and = — j — . 

Mi = M, = 0. 

Vf xb 

Between A and W, M^ = — ^ — 

Between B and W, M^ = — j — ' 

Note particularly that x must be measured from the pier which is on 
the same side of W as x is. 

W o 6 

DiAGKAM. — Let AB be the beam (5, 6). AtWerectWC= — j — . Join 

C to A and B. Then the vertical distances between A B and A 0, C B will give 
the moments of rupture. 




14. Beam Supported at Both Ends, and loaded with any IVumber 

of Concentrated Weights at any 
^*S' ^' Points. 

TAe momemt of rupture at any 
point prodmced hy all the weights is 
the sum of the moments produced at 
that point by each of the weights 
separately (13 and 33a). k . 

Let there be three weights, W, 
W„ Wj, and let the segments into 
which they each divide the beam be 

respectively a, b; a^, b^; o,, J,; then supposing that x is taken between 

W, and W,. 
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1 ^ r tU lA. y ; 

M), = -J (W a a + Wi 111 a! +^3*2 "Oi having regard to the note in (I3)i 

Mi = M. = 0. 

, DiASRAU. — Let A B be the beam (3, C ). Draw A C B, A D B, 
and A E B as for three separate cases, by (13). Produce W C till 
■WL=WF + WG + WC. Produce Wi D till Wi N^W^H + W, I + W, B; 
and so on for the weight W^, making W^ P = W^ K + W^ J + W^E. Join A 
to L, L to N, N to.P, and P to B. Then the ordinates from A B to the poly- 
gonal figure A L N P B will give the moments of rupture. 

Note. If the weights be all equal, the verticals at the weights representing 
the moments produced there by those weights (as W C^ Wj Dj Wj E) will 
all be ordinates to a parabola (23%) drawn as for (17). 

The following cases (15, 10) are adaptations of the above scheme to con- 
ditions frequently met vTith in practice. 



15. Beam Supported at Both Ends, and Loaded tvitli Two Eaual 
IVeiglits placed Eauidistaut from 
tlie Centre.* Fig. 9. 

The moment for any point between 
the weights is a constant quantity 
W (i - S) 

Between the weights and the sup-~ 
ports Mx = W« ( Mi = Mb = 0. 

DiASPAU. — Let A B be the beam (5, 6). At the weights erect WC and 
W D each equal to (W o). Join A to C, C to D, and D to B. Then the ver- 
tical distances between A B and A C D B will give the moments of rupture. 




and Loaded with Four Einnal 

Fig. 10 



16. Beam Supported at Both Ends, 
Weights STmmetTically disposed 
about the Centre.'!' 

M at Wi = M at W^ = W (2 a + a') ; 
constant from Wj to Wj. 

M at W = M at Wj = 2 Wa. 

Mi = Mi-= 0. 

DiAOBAM. — Let A B be the beam 
(5, C). At "W and W, erect "W C and 
"W.F, each equal to (2"Wa); and at "W, and W, erect W^ D and 
"Wj E, each equal to "W(2a+a')- Join A to C, to D, D to E, B to P, 
and P to B. Then the vertical distances between A B and A C D E F B will 
give the moments of rupture. 




» As in the case of a cross girder carrying a single line of railway, 
t Case of a cross girder carrying a double Une of railway. 



8TEAIK3 IN BEAUS. 




IT. Beam Supported at Both Ends, loaded witb a Concentrated 

Rollins Weight (tH). 

Fig. 11. 

The maximnm moment at any 

point — 

Wxil-se) 

Mi = Mb = 0. 

DiAGHAM. — Let A B be the beam 
(!i, 6). Draw the parabola A D B 
Wl 
(232), ■whose ordinate at centre (C D) = —r— Then the vertical distances. 

between AB ana the parabola ADB will give the maximum moments of 
rupture. 

IS. Beam Supported at Both F.nds, and loaded with Two 

tvcigrhts moving simultaneously 
^'^* ^^- In either direction over tho 

Beam.* 

Let ■w and w, be the two weights. 
The value of the maximum moment 
produced at any point is 

X being measured from the nearest 
pier. The position of w causing the greatest moment is when 
Z_^ w, 5 1.5 




X = S- — 



2 ^2(w + Wi) 



Or if the two weights be equal ; when ^ = 2 — 4"' 

Mi = M. = 0. 

DiAQBAM. — Let A B be the beam (5, 6). Draw the parabola ACB (232), 

^hose ordinate at centre = ^Zjtpll- At A and B erect A D a^d B E = 

■w, 5. Join A to E and D to B. Then the vertical distances between A F B 
and the parabola ACB will give the maximum moments of rupture. 

19. Beam Supported at Both Xnds, and loaded uniformly lt» 

entire length (44). 
Fig. 13. ' ' V 

wx , wl'^ 

M^ = -2-(Z-a:).^ M^ = -g-- 

Mi = Ma = 0. ''-r 

5wl* _ 

one half the moment at centre, and f 
the deflection produced by tJie same 
load concentrated at the centre. 
DfAOKAM. — Let AB be the beam (5, G). On A B draw the ' parabolst 




• As in the coupled driving wheels of a locomotive. 
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W l^ 

A C B (232) -whoso ordinate at centre = —5 — . Then the vertical dis- 

o 
tances between A B and the parabola A C B will give the moments of rupture. 

20. Beam supported at Botb Bnds, Bobject to a load unlforiiily 
Itiatribnted over a certain ^engtb 

trom one Support (4p). '^S- !*• 

Let 3 equal ike length of the load, 
and let x be measured from the abut- 
ment from which the load advances. 

The greatest moment produced by a 
given length of load will be at its extre- 
mity, or when x = a, that is, provided the 

load does not extenS beyond the centre of the span; for should it depassthat 
point, the greatest strain will remain constant in position at the midspan, in- 
creasing in Intensity until the load completely covers the span. 

w 2' {l—x)':- 
When X -—e, ox more than s, Mj, = ki — • 

w X ( a (2 l—z) ) 

When X is less than s, Mx = -s" j j — x\. 

Mi = M„ = 0. 
Diagram. — Let A B be the beam (5, 6). At the extremity (C) of the loafl 
draw CD-"'^ (^— ^). join A to D, and B to D. Draw the parabola 

A E C (232), whose ordinate at its centre = ; the same as if for a 

8 
uniform load on a beam A 0, supported at A and C^ (19)- Then the vertical 
distances between A D B and A E C B will give the moments of rupture. 

21. Beam Supported at Botb Ends, subject to a load uniformly 
Distributed over a certain Kengtb not Extendine to citber Support. 

.Let z = the length of the load. 

Let V = the distance from the load 
to the left support ; amd let x be mea- 
sured from the same support. 

When x = v, ox less than v. 








Pig, 15. 




J^.TTTtt^b,,, 



When X is etjual to or or greater than (i) + s), 

wz I z\ 
Mx = — ^» + 2J (' - ^)- 

When X is greater than v, and less than (» + z), 

w X t a (2+ 2*) I wjf. 
M«= -2-|2u -1- 2»-a- 1 j" ^ 

M» = M. =^ 0. 
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STRAINS IK BEAXS. 



Diagram.— Let A B be the beam (5, 6). And let the load extend over 

the length z. At K, the centre of the load, erect K H = — =— • Jo'i 

H to A and H to B. At C and D, the extremities of the load, draw per- 
pendiculars to A B, intersecting H A and H B in P and G respectively. 
Join F to G. On CD, draw the parabola CE D (838), whose ordinate at 

centre is equal to — j-, the same as for a distributed load on a beam of the 

8 
length s, and supported at C and D (19). Then the vertical distances be- 
tween A C B D B and A F G B will give the moments of rupture. 




88. Beam Supported at Botta Ends, subject to a Ilollins Distri- 
butcd Load of a Leugtli less tliau 
^■g-l"' that or tue Beam. 

Let 3 — the length of the load. 
Maximum moment at any point, 
wzx{l — a) wz' 

M« = 1 -T' 

This will cease to give the correct value 
when X approaches nearer either support 

than 1 , beyond which limits z in the for- 
mula must be talien equal to 2 x. 
Diagram. — Let A B be the beam (5, C). On A B draw the parabola A D B 
(838), whose ordinate at centre = -— -. Make CE = -— . Through E 

draw E P parallel to A B. Make the horizontal distance of P and E from 

z 
A and B respectively (as C B) = — . The diagram will be accurate from P 

to B. But for the construction beyond those limits proceed as follows. Draw 
the semi-parabola B B (832) whose vertex is at B. Divide C B into a number 
of parts n (say five), and at the divisions draw verticals. At the first division 

from B take - (= +) of the vertical distance between the parabolic arcs B B, and 

D B measuring from E B. At the second division take -■ and so on, counting^ the 

divisions from the abutment, and measuring from the smaller (lower) parabola, 
E B. The points thus obtained will enable 3ie curve, as shown in the diagram, to 
be traced through. Hepeat the same operation on the opposite end of the beam. 
And then the vertical distances between A H D KB and AF E B wiU give the 
moments of rupture. 



83. Points of Contrary Flexnre, or of inflexion, or of "no- 
curvature," as they are sometimes called, are points at which the upper 
and lower surfaces change from convexity to concavity (4), and %ice versa 
(see iig. 23). At these points, as there is no curvature there is no moment of 
rupture, for the moments of rupture are the intensities of the curving or 
bending forces (1). 



UOMEMTS OP EDPinRE. 
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9t, Beam of Equal and irnifoTin Section, or Beam of ITuiform 
Strengtli (165), rixcd borizontally at tUe Ends, and Loaded at 
the Centre. (See 30.) 

The length ff is identical with 
(18),. and the parts A/ and B/' 
with (T). 



M. = -g-. M. = yl»:-jj. 



Ma = Mb 



W« 




Where M, = there are points of contrary fiexure, distant from their 
respective piers by \ I. 



DiAQRAjl.— Let A B be the beam (5, C). At mid-span erect C W = 



Wl 



Wl 



At A and B erect AD and BE, each = Join D to E, and C to A 

8 
and B. Then the vertical distances between D E and A G B will give the mo- 
ments of rapture. 

The points of contrary flexure (as) are at the intersection of A C and 
CB, withDE. 



95. Beam of Eaual and Uniform Section, Fixed lioi'iKoutally at 
Both Ends, and loaded uniformly its entire length {47). (See 30.) 

The length ff is identical with (19), and the parts A/ and B/' viith 
(11), the concentrated load at tlie ex- 
tremity of each semi-beam A/, B/' bein^ Fig. 18. 
equal to half the distributed load on//'. 

wl'' 

%I!X Wl^ 

M,= — (J-a;)-- r^. 



wP 
M,=M, = - -^. 



(4.) 




Where M, = 0, there are the points of contra/ry flexu/re (23), distant 
from A and B respectively by '211^. 
Swl* 

Def. = TsSfi fT ~ ""' quarter that of the same beam if not fixed at the 
ends. 



DiAaKAM. — Let AB be the beam (5, 6). On AB draw the parabola 
ACB (238), whose ordinate at centre C D = — -. At A and 3 erect 



iO 



A K anil B P respectively, each equal to 



s;baik3 in beaus. 
]2 ■ 



Join E to F. Then the 



vertical distances between E F and A C B will give the moments of rupture. 

The points of contrary flexure (as), are at the intersection of A C B 
with E F. 



26. Beam of Vnifonn Strenstli (1C5), Fixeil Iiorizontally at Botb 
£n<1ft, auil loaded Buiiformly its entire lengrtli (47). (See 30.) 

The length ff (= 4 '* identical «m(A(19), and the parts A/ and 

B f vyilh (11) ; the concentrated load 
at the extremity of each being equal 



Fig. 


19. 




i^H 




BHIH 





■Mo = 



: half the load on //'. 



32 



wx Zwl" 

M, = -^ (J - a) - -5^ 



32 



ir, = 



3wi^ 
32 
Where M^ = 0, there are the points of contrary flexure (33). 

A/ = B/' = 4-- 



(4.) 
(4.) 



Diagram.— Let A B be the beam (5, 6). On A B draw the parabola 

wl^ 
A CB (»3a), whose ordinate at centre (C D) = —. At A and B erect 

A E and B F respectively, each = - - . Join E to F. Then the vertical 



distances between B F and A B will give the moments of rupture. The points 
of contrary/ flexure (23) are at the intersection of A C B with E F. 



27. Beam of llnifonn and Kqual Section, restingr on Two Supportn 

aaid iiuiforinly Loaded, the Ex- 
Fig. 30. tremities toeingr Snbjectcil to two 

known moments of Rnptiirc (M^ , 
Mb ) acting: in a Contrary Direc- 
tion to tiLosc dnc to tlic Load 
(4B). 




M^ 






M, + 



(M,-M.). 



Where Mi = 0, there are the points of contrary flexu/re. 
DiAQKAM.— Let A B be the beam (5, 6). On A B draw the parabola 
A C B (232), whose ordinate at centre C D = _. At A and B erect A E 



M0MEST3 07 BUPIUSE. 



11 



and B F respectively, making AE = M,,, and B F = Ma . Join E to F. 
Then the vertical distances between K F and A B will give the moments of 
rupture. Where E F intersects A C B, there will be the points of contrary 
Jleanire (»s). 



Fig. 31. 



SS. Beam of Uniform and Equal Section, supported at One End 
(A), and fixed borizontally at the Other (B)*, uniformly loaded 
over its entire length (19). 

. This case is identical with the 
length fS of {i^). 

W X wl X 

M = — (l — x) - — g— (x being 

measured from the unfixed 
end). 

Mi = 0. Mb = — — . (4.) 

Ihe point of controA^ flexure (23) is where Mi = 0. 

, , 3« 9 wP 

A/ = -^.T M at midway between A and / = -„„ • 

DiAQKAM.— Let A B be the beam (S, 6). On A B draw the parabola 

A C B (aS3), whose ordinate at centre CD = -5- . At B, the fixed end of 



the beam, erect B E = — — = C D. Join A to E. Then the vertical distances 

8 
between A B and A B will give the moments of rupture. Where A E inter- 
sects CB, there will be the ^ot»i of contrary flexwre (23). 




Fig. 23. 



29. Beam of Uniform Strensth (165), supported at One End (A) 
and Fixed horizontally at the other (B)*, uniformly loaded over 
Its entire lensth (48). 

This case is identical with the length fB of (26), 

wx wlx 

Ma: = -g- (( — a) — —Q-, (x being 

measured from the unfixed end), 

wf 
Mi = 0. M3 = - -g- . {*■) 

M at midway between A and / 
wl' 

"^ U' 

Thepoim* of contrary flexure (23) is where M^ = 




* See 30. 

t The values in this case are slightly erroneous. The correct value for A/ is 
733 2. 
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STRAINS in BEAMS. 



DiAGRAH. — Let AB be the beam (5, C). On AB draw the parabola 
A C B (232), whose ordinate at centre (C D) = — . At B, the fixed end 
of the girder, erect B E = Mj = — -. Join A to E. Then the vertical 



distances between A K and A C B will give the moments of rupture. Where A E 
intersects A C B, there is the point of contrwy fiesmre (23). 

30. Beam continnons for two op more Risflitly Proportioned * 
Spans, subject to a Stationary loail, I'nirormly Distributed over 
its entire lenetli (50). 

All such cases may be regarded as combinations of some of the cases 
jirevioiisly given (24 — 29). For if, in any of the latter, the beam, instead 
of being fixed at one or both ends, be continued over a support where 
oiiginally fixed, and subjected to the action of a load, which shall produce 
at the point of support a moment equal to that produced there by the 
first load when the beam was fixed at that support, then the moments in 
the original length of the beam will remain as they were, and will not be 
affected by the substitution of the continuation for the fixing. 

Fig. 23. 




Let AF be a beam continuous over a number of equidistant piers, 
B, C, &0. 

If the beam be of uniform strength (165), the outer spans (A B and 
E F) should be | the length of the others. If of uniform section, the outer 
spans should be 789 the length of the others. (See 113 A.) 

The end spans may be regarded as identical with (28) or (29), and the 
remaining spans with (24, 25, or 2C), so that the moments of rupture may 
be obtained from the formulae or diagrams there given. 

31. CoutLnnous Beams, not of Uniform Section, subject to Varying: 
ILoads. 

It would, perhaps, be impossible to give matbematicallj accurate formulse for 
the moments of rupture in continuous beams, with moving loads, that would be 
worth anything for practical application. A well-known author t has even pro- 
nounced the case " too complicated for investigation." 

The following approximations, however, may be relied on for safety vnthout 
extravagance. 

32. Beam of Uniform StrengtU (1C5) for tlio Maximum Strains, 



• By rightly proportioned is meant, proportioned so that if the beam were 
fixed on any one of the piers instead of continuous over it, the moments produced 
there by the two adjacent loaded spans would be equal. Then if tids condUUm 
te observed the case will include beams not uniformly loaded throughout, 

t J. H. Latham, Esq., M.A,—" Iron Sridges." 
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eontlnnons orer one Pier, fonning: two Kqnal Spans, subject to a 
Fixed Ioa<l Vnlformly Distributed, and also to a Bloving Load (51) 
(See 113 A.) ' 

Tlie greatest moment over tJiepier will be produced when both spans are 
fully loaded. Each span will then nearly correspond to (89). 

The greatest positive (4) moment will obtain in the span fully loaded, 
when the other span bears only the fixed load. 

Let w = fixed load per unite of length. 

«/=Tarying ,, ,, 

and let x be always measured from an abutment, and not from the 
pier. Then, 



Maxm. positive (4) moment, M^ = 



x (w + w') Q — x) (2 111 + 11/) X I 



12 



Maxm. negative (4) moment over pier (C) = 



{w + vl) I' 

■ e 



Max. neg. mom. M« = Z (w + «/) (2 i — 3 »), or 1 ., ^ • 

at any other *" , the greater to 

■nmnf 1 „ ™*„ , ^^ /betaken. 

P""'. [^M« = ^ (i - a;) _ ^ (2 «, + vl), J 

Any positive value of the last two, and any negative value of the first of 
these four equations, must of course be disregarded. 
M» = Mb = 0. 

By making M^ = in the first and last equations, and then finding the 
value of X, the limits of deviation of the points of contrary flexure (83) 
may be obtained.* 

Fig 24, 





D 

>^ 
E 


\/ C ^=^R 


tvr-v-.:.../ /^ tsx::::^::::::::^ 



DiAQKAM. —Let A C B be the beam (5, 6). On A C draw the parabola A D C 

V 
232), whose ordinate at centre D E = {^ -k- vl)—; and on C B draw the 

8 

parabola C F B (232), whose ordinate at centre P Gr = -5-. At the centre 



If (-=-) be not greater than ( V the beam will require holding 



I w I 
\ 2 

down to the abutments, 
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(mi + lo') P 

pier erect C H = ^ , and, measoring from C, make C K = 

(2w + vJ) P 

J2 • ^"'^ ^ to ^i "'"^ K to A and B. Then the vertical distances 

between the parabolic arc A I) L and A L will give the maximum positive (4) 
moments. The vertical distances between N H and the arc NLC, or those be- 
tween K M and C F M, whicJuver be thi greater^ will give the maximum negative (4) 
moments. The points of contrary flexure («3) will approach as near the 
centre pier as L, and recede from it as far as M. (See foot note, p. 13.) 

Note. — The various values, &c., given above, apply equally to both the spans. 
The diagram above is drawn to scale, on the suppositidn that the rolling load 
is § the intensity of the fixed load. 

33. Beam of Vnironn Strengtb (165) for the Itlaxlinnm Strains, 
«ontinuous over tivo or more Piers, su1>icct to a Fixed load Uni- 
formly Dlstri1>utcd, and also to a Blovlns load (5%). (See 113 A.) 

The maximum moment over any pier will obtain, when only the two 
■adjacent spans, and every alternate span from them, are simultaneously 
loaded with the greatest load, the remaining spans sustaining only the 
fixed load. 

Tlie maximum moment at the centre of any span will obtain when it and 
-the alternate spans from it are fully loaded, the remaining spans sustaining 
only the fixed load. 

Let VI = the fixed or dead load per unit of length. 
to' = the moving or live ,, ,, 

I' = either outer span. 
I = any other span.* 

Then, the maximum negative (4) moment over any pier, B or C, 

P /2 TO w'\ 
M. = Mc = -3(— +YJ. 

Maximum negative (4) moment between any two piers (i.e., in any 
inner span, I), 

X (w + to') P /2 TO w'\ 

(positive values of which must be disregarded). 

Maximum positive (4) moments between any two piers (i.e., in any inner 
span, 2), 

M« = 2~ (2 - «) a: - -32-, 

(negative values of which must be disregarded). 
For either outer span, the maximum negative moments, 
X (w + v/) xP 



M, = 



xP /2to a)'\ 



2 

(positive values of which must be disregarded). 



* If there be but three spans, a modification of the values hereafter given will 
be necessary, which see. 
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The maximum poiiiive moments, 

a; («) + lo') SwxP 

M, = 2 (' - ^) —WT' 

X being measured from the abutment. 
If any of the foregoing expressions for Mi be made equal to 0, the value 
of X obtained from them will give the positions of the points of contrary 
flexure (as).* 

Note. — IftJie beam he continuous for three spans only, I, as a coefficient 
. . 1? (Iw vl\ xP fZw v/\ 

intheexpression-g-l — y-t-g- 1, or in "stt ('t"^'^]' i'"'^'^*''^* value 

1 + I' 
given to it = — 5 — • 




DiAORAM. — Let ABO (5, 6) be part of the beam. On B C draw the 

(10 -4- U)'\ Z 

parabola B D C (23a), whose ordinate at centre (D E) = — - — 

o 

On A B draw the parabola A F B ( ass ), whose ordinate at centre 
(P G) =- JLt^U. xt B and C erect BH and Jt respectively, 

o 

each = 5 I — — h — 1. Join A to H and H to J. Measuring from B and 
C, make B K and C L, each = . Join A to K and K to L. 

The vertical distances between AFOP and AP give the maximum positive 
moments for either outer span; and those between MNDN'M,, and MM, give 
those for any inner span. The vertical distances between O H and O P B give 
the maximum Negative moments for the outer spans; and those between HN 
and BMN, or between N'J and N'Mi C, give the maximum negative moments 
for any inner span. 

The points and P, and M and N or M, and N', show the limits of 
deviation of the points of contrary flexure (83). 

The diagram above is drawn to scale, on the supposition that the intensity of 
the rolling load is one-half that of the fixed load. 

* 1C{^ — \ be not greater than ( „ ). the beam will require holding 

down to the abutments. 

t N.B.— The note given above (for the value of J in the formula) must ba 
observed here. 
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STRAINS IN BEAMS. 



33 A, Note. — The moment of rupture at any point, produced by several 
loads acting simultaneously on a beam, is equal to the sum of the moments 
produced by the several loads acting separately. 



SHEARING F0BCE3 (1). 



34. Abbreviations : — 

Let P and P' = the reactions on the supports due to the total load 
on the beam between those supports. 
S Hx = the shearing force at any point x. 

w — distributed load per unit of length (Gl). 
W = total load concentrated at any point (61). 
X = distance from left-hand support to the section at 

•which S H is required. 
I = length of span. 

Other abbreviations will be explained where they 
occur. 

35. In the Diagrams, the ordinates (the vertical distances from the 
horizontal or other lines) to the curves, &c., as shown thereon, correspond 
to the values of the formulae accompanying them. If the diagram be drawn 
to scale in the manner as directed, the shearing forces may be obtained by 
direct measwement. See also (6). 



SC. Ceneral Rule for determining the Sbcarins Force at any 
part of a Beam and under any Distribution of I.oad. 

Let it be required to find the shearing force at any point (C) of a beam. 
j.j„ 2g Let W = the load between A and C. 

W" = „ B and C. 

Then, S H at C = 

SHi = P- W, or = P' - W" ;— 

the greater of the two values to be 
taken. 

At the supports, W or W" = ; so that the shearing forces there are 
always equal to P or P'. The above values hold good for semi-beams. 




37. Semi-beam Fixed at One End. free at the Other, and Loaded 
in any Manner (8). 



Fig. 27. 




The shearing force at any point P is equal to 
all the load between that point and the unsup- 
ported extremity. 



SBEARINa F0UCE3. 
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38. Seml-bcam Fixed at One End ouly, and unlfonuly loaded its 
entire tength (9). 

S K. = w (Z - x). S Hi = w i. - I'>K- 28^ 

DiAOEAM. — Let AB be the beam (35). At 
A erect AC = w I. Join C to B. Then the 
vertLcai distanoea between A B and B will give the 
shearing forces. 

39. Beam Fixed at One End only, loaded uniformly Its entire 
lenstli, and also with a Concentrated 
Weiglit at its tree Extremity (11). 




Kg. 29. 



I Hi = W + w (l-x). 



S Hi = W + w ?. 



Diagram. - Let A B be the beam (35). Make 
A.G = wl. Join C to B (as in 38). Make 
A D and B E = W. Join D to E. Then the 
vertical distances between C B and D E will give the 
Bheaxing forces. 




40. Beam Supported at Botli Ends, and loaded at the Centre (113). 
At any point in the beam, 

W 

' % 
Diagram. — in Kg. 30, the shearing forces (35) for this case are given by the 



SH = 



vertical distances bettreen C II and A B, A C and B D being each = 



. i . . (43.) 



41. Beam Supported at Botli Ends, and Loaded with a Con- 
centrated Weight at any Point (13). 

Let a and 6 be the distances of W from the supports A and B respec- 
tively. 

& 
SHi = P ='Wj =SH,, constant between A and W. 

S Hb = F = W 7 = S H, , constant between B and W. 

Diagram. — in Kg. 30, the shearing forces (35) for this case are given by 
the vertical distances between A B fend B P Q a, W being supposed at Q. 

AR = W-^. BS=W.2. . . (43.) 



4%. Beam Supported at Both Ends, with a Concentrated load 
moving in either Direction (17). 



Or, 



SH,= W^ \ 



= W 



I 



The greater of theae two values to be taken. 



S Hi = S Hb = W. 



Diagram. — in Fig. 30, the verticals A E and B F at either extremity of 
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SIBiilllS IN BEAU8. 



the beam are made equal to W ; E joined to B, and A to P. The vertical dis- 
tances between B K F and A B give the shearing forces. 

43. DIasram of the Sbearine Forces in a whole Beam with a 

Concentrated load. 

'^' ■ AB is the beam. AE and B Pare 

equal to W. 

When W is in the centre of the beam 

(K), the shearing force for the whole 

W 
length of the beam equals — = the 

vertical distance between C D and 
AB. 

When W is at any other point (Q), 
the shearing forces in the two segments, R F, Q S, are inversely as the 
lengths of the segments. The vertical distances between A B and K F Q S, 
give those shearing forces. 

When W rolls from end to end of the beam, the shearing forces are as 
the vertical distances between A B and E K F. The points P and Q will 
always be points in either B B or A F. 

44. Beam Supported at Both Ends, and loaded nnirormly its 
entire length (19). 

Fig. 31. SHi = SHB = P = P' = 





2 



SH. 



= w{^--) 



The sign of the result to be disregarded. 
At mid-span, S H = 0. 
Diagram. — Let A B be the beam (35). At A and B erect A C and B D, 
w I 
each equal to -s". Join C and D to the mid-span, E. Then the vertical 

distances between A B and C B D will give the shearing forces. 

45. Beam Supported at Both Ends, subject to a Distrihuted 
load advancing from eiher Support * 

Fig. 32. (go). 

The greatest shearing force will be 
developed at the point of junction of the 
loaded and unloaded segments ; in which 
case let x also represent the length uf the 
load. Then, 

2 i f The greater of the two values to be 
wa? ( taken. 




Or, 



21 

! Ha = S Hb 



w I 

~2" 



At mid-span, S H = -5- 



■* As in the case of a railway train crossing a bridge. 
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DiAGBAU. — Let A B be the beam (35). At A and B erect A C and B D 
w I 
respectively, each equal to -^. Draw the semi-parabola, C E B (23»), whose 

wl 
vertex is at B, and ordinate B D = ^_ Draw the semi-parabola A E D 

corresponding exactly to C E B. Then, as the load advances from either 
pier (say A), the shearing force developed at the junction of the loaded 
with the unloaded apex will be represented by the vertical distances be- 
tween A B and A E D. When the load covers the whole span, the shearing 
forces will be as in (44). 

As the load is liable to advance from the pier B as well as from A, the 
maximum shearing forces for all positions of the load will be given by the vertical 
distances from A B to C E D. 

4G. General Formulse for Dctcrminiiigr the Reaction of the 
Supports, auil the Shearing^ Forces in the ease of Continiions 
Beams and Beams whose Extremities are Fixed, or giihjcct to 
the Action of Itnown Moments of Rnptnre (127). 

Let A B be a beam, subject to the action of the moments "iil^, , Mb , and 
let the beam be uniformly loaded. 

The notations as before. _. 

Fig. 33. 
wl Mi — Mj 

F = -2- + — r-- 

wl M» — Mi 

^' = T + ^~i 

The shearing force at any point distant x from either pier, is found by 
subtracting (ib x) from the re-action of that pier produced by the load between 
A and B. 

The values of P, P' are the pressures on the piers produced by the load 
between A and B only. Should there be a load on the beam continued 
beyond these points, the pressures similarly found must of course be added 
to those above for the total pressures on the piers (168). 

47. Beam Fixed at Both Extremities, and loaded uniformly 

<a5, 20). 

Exactly the same as for (44). 
DiAGKAM. — The same as in (44), which see. 

48. Beam of Uniform Strength (165), supported at One End, 
and Fixed horizontally at the other, uniformly loaded its entire 
length (%9). 

w I 
At the unfixed end, S Hi = -g" 

2 wl 
At the fixed end, S Hb = — g-- 
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SIRAIirS IN BEAM9. 



S Hx = «' ( ^ — a; I, a being measured from the unfixed end. The sign 
of the result to be disregarded. 

Diagram.— Let A B (fig. 34) be the beam (35). At the unfixed end (A) 

erect A C = '^j and at the fixed end (B) erect B D = 2 (A C). Join C 

and D to E, distant J I from A, or half-way between A and the point of 
contrary flexure, / (23). The vertical distances between A B and C E D will 
give the shearing forces. 

The length A/ is identical with A/ (fig. 22), and the length f B'vntit 
/B (fig. 22). 

49. Benin of rniform and Equal Section, supported at One Ena 
and Fixed horizontally at the Other, 
^'S' **■ nniformly Koaded Its entire lengtlt 

(28). 

Zwl 
At the unfixed end, a Hi = — 5 — • 




5ml 



At the fixed end, S Hb = 



/3 I \ 
SHi= ™("S' — xj, X being measured from the unfixed end ; and the 

sign of the result being disregarded. 

DiAQBAM. — Let A B be the beam (35). At the unfixed end (A) 

Zwl 5 w I , 

erect A C = —q— > and at the fixed end (B) erect B D = — 5 — . Join C 

and D' to E', distant 1 1 from A, or mid-way between A and the point of 
contrary flexure, /' (23). Then the vertical distances between A B and 0' E'D 
will give the shearing forces. 

The length A/' is identical with A/ (fig. 21), and /' B with f B 
(fig. 21). 

50. Continnous Beams ivith Fixed uniformly l^istribnted lonOa 
(30). 

If the spans be" rightly proportioned (see foot-note, (*) p. 12), Case (48) or 
(49) will apply to the outer spans, and case (47) to the remaining spans. 



51. Beam of Ilulform Strength (I6S) for the maxlmnm strains, 
continuous for Two eaual Spans, 
^* 36. subject to a Fixed I,o.id nniformly 

Bistrlhuted, and also to u Aloviug 
load (32). (See I13A.) 

The maximum shearing force ai either 
abutment will obtain when its span only 
sustains the moving load. 

The maximum shearing force at the 
centre pier will obtain when both spans are fully loaded. 
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The total maximum pressure on the centre pier, when both spans are 
fully loaded, will be twice the above maximum shearing force at the pier. 

Let «/ = the moving load per unit of length, the other notations as before. 
The following are the maximum values * : — 

At either abutment, S Hi = — f4 to + 5 a/), or 

2 I 
At the centre pier, S He = — (w + vl), or 



3 



At any other point {x), 



I 

S Hx = j2 (1 w + 5w')-x{w + w'), 



The greatest value to be 
taken ; ■!" a: to be mea- 
sured from the abut- 
ment, and the sign of 
I I the result to be disre- 



Or, =^--sc](w + v}') 

Or, = ~ ^i to — w') — w X. f I garJed 

As the load may be supposed to advance from either abutment right 
across the beam, an addition must be made to the above values for S H, t 

bemg equal to -g- when x is about equal to 1 1, and gradually diminishing 

as X gets more or less than _. (gee the dotted curve in the diagram.) 
3 

DiAOBAH. — Let A C (fig. 35) be one span of the beam (35). At the 

abutment A erect A D = — (4 w + 5w']. Make A E = - (w + mi ). 

At C erect C P = twice A E. Join E and F to M, distant J I from A. 
Through D draw D N parallel to E M. Sketch in a curve similar to that 
(dotted) in the iigure, making an additional depth to the ordinates, at the 

point of minimum shearing force, of W -. { Then the vertical distances be- 

o 
tween A and D S T F may be considered to give the maximum shearing forces 
for either span. 



53. Beam of Ilniform Streiigtli (1C5) for the Slnxlmnm Strains, 
Contjluuous over two er more Picx's, subject to u. Fixed loail 
mnironuly Distributed, and also to a Moving load (33). (See 
1I3A.) 



• Approximate values corresponding with the moments of rupture 32. (See 31.) 
t Tbe last of the three values is the shearing force in one span, when the other 
only is fully loaded, the addition however made for the load being a moving one 
will entirely cover it. 

X An exact expression for the value of the shearing force's developed by a load 
^aduall^ advancing across a continuous beam of (about) uniform strength, would, 
even if it could be obtained, be most complicated. The process here suggested, 
however, though necessarily only approximate, may be regarded as practically 
safe. 



^2 8TBMKS IN BEAMS. 

The masimum sbeanog force at any pier (B or C) will obtan simulta- 
neonsly with the maximum moment of rapture orer that pier (33). 
For any inner span, 

(to 2 w'\ 

SH^ = Z(- + — l-!c(«n-«i'), 

X being measured from the nearer pier. 

For either outer span — 
At either abutment, 

At the pier, 

S H, = I (w + vl). 
At any other point, 



s IT _ ^L J\ I,, ., ^'"l ( The greater of these va- 

Or, = (w + w') T- - x). 



lues to be taken, and 
I' \ ^ X to he measured &oin 

the abutment. 



At the middle of the inner spans, and at J I' from the abutments in the 
outer spans, the values obtained by the above formulae must be increased 

by — g- and — g- respectively ; and this addition, gradually diminished, 

must be made for some distance on. either side of those points (see foot 
note (X), p. 21) as shown in the diagram below. 

If the beam be continuous for three spans only, the above formulae 
must be modified as directed on the next page. 

Fig. 36. 






DiAQBAM. — Let A B C be part of the beam (35). For any inner spaa 

(w 2w' l\ 
-g- + — g— 1. MakeBD 

and C E each =^{ii) + vj). Join D and E to the mid-span, and draw G K 

and K H parallel to D F and F E respectively. For either outer span (as V) ; — 

2 r 3 / 

At B erect a perpendicular = — (w + w'), which, if f = — , will 
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coincide with B D. At A erect A L = 4 D B. Join D and L to M, 
distant J V from A. Mate A = - (w + «/) — -; . Draw N paral- 
lel to L M. At T and K sketch in curves,* similar to those in the figure, 

giving additional depths to the ordinates there of —r- and -— respeo- 
.. , 8 8 

tively. Then the vertical distances between O T D and A B may be considered 
to give the maximum shearing forces for either outer span, and those between 
G y H and B C for the remaining spans. 

If the beam he continuous for three spans only, the value given in the 
formulse for S H ^ and S He , and in the diagram for B Gr and H, must be 

altered to —^ ^ T) \ "t" "*" 9' ; ' ^ further, the value given 

to S Ha; for the inner span must be altered to = S Hn — x (v> + w'), 
in which latter expression S Ha must have the value just assigned to 

It. ^=-r- 



* See foot note (t), p. 21. 



a DESIGN 0? BSIDQES AKS GIRDEBS. 



FLANGED GIRDERS, ARCHES, AND SUSPENSION BRIDGES. 

53. In the Design of a bridge, girder, or other eimilar structure, 
certain parts of which are supposed to resist certain strains, * the various 
processes are followed out in a progressive order. When the data do not 
extend bejond the amount and nature of the load, and the width, &c., of 
the obstacle to be crossed, the processes will be as follows : — 

I. Determimation of the land of bridge or girder (54). 
II. Determination of the general cross section, and major proportions 
of the structure (55 — 58). These enable — 

III. An outline sleetch to be d/rawn (69). 

IV. Approximate estimation of the weight of the structure (60, 61). 

V. Caicvlation of the strains on the vat'ious parts (69 — 16S) (which 
strains must be figured on to the outline sketch), at as many points 
as will be found necessary for the accurate — 
TI. Determination of the amount of material to resist the strains on 
the various parts (163 — 173). 
VII. Distribution of the material in the various parts into a form of 
cross section best suited to resist the kinds of strain brought upon 
them (1J4 — 190), having regard to — 

a. facility of construction. 

b, adaptation of one part to another in contact with it. 



SECTION I. 

Determihation of the Natuee, Principal Dimensions, etc., of the 
Bridge or Girder, 

(Embodying processes, I, II, III, above. ) 

64. The first operation (I, 53), that of determining the kind of bridge 
or girder, must be left entirely to the discretion of the designer ; at least 
no rules can be laid down for his guidance : the several conditions which 
would influence the decision, such as nature of site, obstacles to be crossed, 
facilities of construction, &c., being infinitely diversified. 

65. Tbe general cross section of a bridge must also be left to the 
experience and discretion of the designer, as no definite rules can be given 



* The system of regarding particular members or parts of a girder as resisting 
the particular strains for which they are adapted, and these alone, is perhaps the 
most generaJly received, (See 6;$ and 191.) 



OALCDLATIOK OF STKAINS. 25 

npon the questions of the relative advantage and economy of the many- 
systems wMch have been adopted and suggested, 

GENERAL PEOPOBTIONS. 

56. The central depth of straight independent girders may be made 
from ^ to j^ of the span. The greatest economy of material is perhaps 
obtain^ at ^. 

For continuous girders, or girders fixed at the ends, the depth may vary 
from 3^3 to ^ of the span. 

5T. Where convenient it is in most cases advisable that girders with 
fixed loads and with oblique or curved flanges or booms, should have their 
depths varying as the moments of rupture (1), that is, as the ordinates in 
the diagrams (S) given for several cases (7 — 33) of loading, &c. (Tfi). 

It follows from the above, that bow-string girders, arches, suspension 
chains with stationary uniformly distributed loads, should (the latter will 
nearly) have the form oi a, parabola (ssa). 

58. Diagonal bracing will, as a rule, be most economically disposed at 
an angle of 45° with a vertical, 

59. The design having, as supposed, advanced thus far, it is advisable 
that a skeleton elevation of the bridge or girder be drawn to a moderately 
large scale, that the strains on the various parts about to be calculated 
may be figured thereon. 



SKCTION 11. 

Caloulation op the Strains oh the Various Parts. 

(Embodying Processes IV, V, p, 24.) 

CO. Approximate Xetimatlon of the Weight of the Strnctnre. 

1st. If no other source of information be at hand* (GOA), assume a pro- 
bable weight from the data of experience. 

2nd. Calculate a few sections by the formulee, &c., given hereafter, on 
the supposition that the bridge or girder is loaded with the just-assumed 
weight uniformly distributed, and the maximum extraneous load that is to 
be brought upon it. 

.3rd. Make a second approximation of the weight from the few sections 
just calculated ; allow a percentage for contingencies (which may vary 
from 5 to 25), and if the total be at all near the first estimate, it will 
generally be sufficiently correct to stand for the weight of the structure in 
the final calculation of the strains, &c. 



* See B. Baker's diagrams and tables giving weights of girders up to 200 feet 
Buan. 



26 OALCULAIION 07 STRAIKS. 

GOA. Approximate Weislits of ^Vrousbt-iron GirdCF Railway 
Britlgres. 

Single Line of Way. 
For 30 feet spans 5 cwt. per foot run. 
>i 60 .> 6 ,, „ 
„ 100 „ 9 
„ 150 „ 12 
„ 200 „ 15 

61. The weight of the beam, girder, <ic., must always he introduced 
into the calculation for the strains. It may generally be considered as a 
uniformly distributed (of course stationary) load. Where the load is 
stationary, and also uniformly distributed, (viz., cases 9, 19, 85 — 30, and 
38, 44, 47 — 50), the unit of weight of the girder may be combined with 
that of the load proper. But in nearly all other cases it will be necessary 
to regard them separately. 



Flanged Gikdees, with Thin Coniincous Webb. 
Fig. 36a. 




63. Distinct Functions of the Flanses and tlio Web. In pages 
25 to 29 inclusive, the web is considered to take no part in resisting 
the horizontal strains (1), the whole of which will be provided for in the 



Though this is not theoretically correct, the error is practically so small as to 
be disregarded with safety. 

Neither are horizontal flanges considered to take part in resisting the 
the shearing forces (1), the whole of which will be provided for in web 
(64, SO, 191). 

Strains in Flanges Generally. 

63. Flanges or parts of flanges, perpendicular to the action of the load 
on a girder, have to resist only the bending effect of the load, which 
depends on the moment of rupture (I). 

64. When, however, a flange or part of a flange is not as just supposed, 
it suffers an additional strain, which is part or all (as the case may be) of 
the shearing force (1), the amount of additional strain depending on the 
inclination of the flange yJS). 

Thus in ordinary practical cases, where the action of the load is vertical, the 
strain on the flange increases the more it wanders from the horizontal position. 
The extra strain it suffers, however, modifies proportionally the strain on the 
web (80, 81). 
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65. Nature of the strains. At any vertical section of a girder, the 
ktrains in the two flanges are of different kinds (4) : — 

1. When the action of the load tends* to make the beam convex on 
its lower surface, then — 

the upper flange is in compression (168) ; and 
the lower flange is in tension (16T). 

2. When the action of the load tends* to make the beam convex on 
its upper surface, then — 

the upper flange is in tension, and 
the lower flange is in compression. 

Strains in the Web Generally. 

66. The strains borne by the web are the shearing forces (I, 34), due to 
the transmission of the vertical pressure of the load to the points of sup- 
port. Their amount (and sometimes manner of action) are greatly modified 
by the longitudinal form of the adjoining flanges (64, 80). 



aiBDEBS WITH PARALLEL STRAIGHT FLADGES. 

Flanges, 

67. To And the Amount of Strain on eitlicr Flange at any 

vertical section (68), — nivldo tbc Aloment or ICnpture, as found from 
the formulae or diagrams, pp. 2 to 15, by tlie depth of the glriler, {. e. 

by the distance between the centres of gravity of the sections of the two 



68. At any vertical section, the strains on the two flanges are equal in 
amount, but opposite in their nature (65). 

69. The strains in the flanges will vary throughout as the moments of 
rupture (l, 2), and therefore as the ordinatea in the diagrams (5). 

70. By Diagbam. — If the ordinate, in the diagram for the case (5), at 
any point of the girder, be made to represent on a. scale of parts the 
strain on the flanges at that point, tke strain at any other point may be 
measured off from the diagram. 

71. The strains are either direct tension (167), or direct compres- 
sion (168). 



• The action of the load on a girder supported at both ends, and having its 
lower surface concave (see Plate I.) will lessen the concavity, and so tend to cause 
convexity. 



CALCULATION OF SIBAIHS. 



Web. 



IS. Tlic Strain upon any Vertical Section of the Web Is equal 
to the " Shearing Force " (1, 34) developed at that Bection. For the 
valae see (34 — 52). 

73. If the girder have more webs than one, * the strains as found by (12) 
must be divided by the number of webs for the strain in each. 

J4. The nature of the strain in the web is a shearing (proper) (171). 



GIBDEKS WITH CURVED OR OBLICIUE FLAHOES. 

Flanges. 

75. To And the Amonnt or Strain on either Flange at any point, 
— Divide the moment of rupture (formula and diagrams, pp. 2 to 15) 6y 
the depth of the girder, the vertical distance between the centres of gravity 
of the sections of the two flanges, and multiply the quotient by the secant 
(lao) oftlie angle which the flange, or a tangent to it at the point, makes 
with a hoHzontal. f 

70. If the depth of the girder vary throughout as the momenta of 
rupture (1, 57), i. e., as the ordiuates shown in the diagrams for those 
moments (5), then 

(a), the strains in the flanges will vary as the secants (see 77, 126) ef 
the angles of inclination to the Iwrizon. So that 

(6), if the strain at a horizontal partt be known, the strain at any 
other part may he found by multiplying the former by the secant (see 77, 
136) of the angle of inclination of the latter. 

77. Note. Tor the operation of multiplying by the secant of an angle there 

may be substituted a geometrical process. Let 
j"ig 37 A b C be part of a curved flange. Let the value of 

^ Momento^uptu.eat B . ,epreseiitedto scalebythe 

^ Depth of Girder at U / *^ "^ 

horizoiUal line DE, meaBurmg it from some point 
(E) on the tangent (FB) to ABC at B. If DF 
be drawn vertical, t. c. , perpendicular to D E, then 
„ „ .„ Moment of Hupturc at B . -n. ™ -ri 

^B "'"= UBpth of Girder at B ^ ^''=^' ^^^- 

(BEF being the angle of inclination of the flange 
atE.) 

78. The strains in the flanges are either direct compression (168), or 
direct tension (167). 

Web. 

79. In girders with oblique or curved flanges, the strains in the web are 
affected by the inclinations of the flanges. 



♦ As in'"l)0x" or "tubular" girders. 

+ This is but a close approximation to the truth. See also foot-note (t), p. 61, 

X Which will generally be at the centre of whole girders. 




FDLL-WEBBED ODEVED AND OBIIIJUE QIEDERS. 29 

80.* For the Strain on the IVcb at any Vertical Section,— Find 
the shearing force (1) developed at that section (34), and modify it as 
directed below. 

If at the vertical section the flange in compression (65, 78) be inclined 

'^°'™ I from I ' " ^^^ ^™Se in tension be inclined ' down j ^""^ | , the 

nearest point of support, | ™^^™°* | the vertical component of the strain 

in that flange | ™ j the shearing force. The sign of the result need not 
l»ere be regarded. 

If S = strain in flange, 

e — angle which the flange or a tangent to it makes with a 
horizontal line, as D E F (fig. 37) ; then, 
S X Sin B = the "vertical component referred to above." 

81, By Constrnction.— Drawavertical AB = shear- ^'g- ^8. 

ing force. If the flange in tension (65, T8) be inclined 
down from, or the flange in compression be inclined 
down to the nearest point of support (we will suppose 
the latter case), — Draw CD representing both in direc- 
tion and amount the strain in that flange, so that a 
horizontal drawn through D shall cut A. Then CA 
will be the vertical component of the strain in C D. 

Again, if the flange in compression be inclined down 
from, or the flange in tension be inclined down to the 
nearest point of support (we will suppose the latter case), — Let it be re- 
presented by EP. Obtain its vertical component EB, which should be 
added to AB, in the same way that AC was subtracted from it. Then 
C E will be the total resulting strain on the web. Should the amount to 
be subtracted exceed the sum of the original and that added to it, the 
difference must still be taken. 

81A. The strain taken must be that obtaining when the shearing force being 
considered is developed. For instance, with a load gradually advancing acrosa 
a beam supported at both ends, the maxiniuni shearing force will be developed at 
the centre, when the load covers only half the span (45), at which time the moment 
of rupture, from which the flange strain is found, will be that given by (80), and 
not by (19), which latter would be used when making the calculation for the 
flanges. 

82. If the girder have more webs than one, the strain as found by (80 or 
81) must be divided by the number of webs for the strain in each. 

83. Note. It will obviously follow, from the above rules, that in 
girders with curved or oblique flanges, the maximum strain in the web does 
not necessarily occur when the maximum shearing strain is produced. 



* The rules, &c., given here are not advanced as mathematically accurate, as 
there is much connected with the effect of curvature in the flanges on the strains 
in the web that has not been satisfactorily determined. 
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GlKDEKS WITH WeBS OP OPEN BkACING. 
Pig. 38 A. 
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GENEEAL KULES FOB OFEN-WEBBED GIBDEIiS. 

Booms. 
84. At any vertical section of a girder the strains in the two booms are 
opposite in kind. (See 63, which also applies here.) 

83. When the girder is loaded at the joints (87), the strain in any bay 
of either boom is constant tbroughont its length, and acts only in the 
direction of its length. 

86. A bay cannot be in direct compression and tension simultaneously 

(8t;. 

87. Wheneoer the load or part of the load upon a girder is situated 
ietween the two extremities of any hay, that bay must be considered as a 
loaded beam, and the strains in it calculated and provided for accord- 
ingly. 

Web. 
88,. The strain on any brace is constant throughout its length, and acts 
only in the direction of its length. 

89. A brace cannot suffer compression and tension simultaneously. 

90. If two or more strains, not all of the same kind, be acting upon a 
brace at the same time, the total actual strain in the brace will be equal 
to the algebraical sum of those strains.* 

91. The Nature of the Strains in the diagonal braces of girders 
symmetrically loaded will be — 

(a) in all bars inclined down to the nearest support — compression (168). 
(h) in all bars inclined down from the nearest support — tension (167). 

92. If the girder be not symmetrically loaded, some of the bars will be 
subject to strains of a nature contrary to that stated in (91). 

93. Counter Str.alns. — ^With a moving load, some of the bars will be 
subject to strains both of compression and tension, depending on the 
position of the load and the proportion it bears to the weight of the girder. 
The strain not according with (91) is known as the ' ' covrnter strain." 

Note. (92) and (93) do not apply to semi-beams or cantilevers. 



* Equal to the difference between the sum of the tensile and the sum of the 
compressive strains. 



STKAIOHT WARHBN GIKDEKS. 31 

94. If the load be brought only npon one boom,* any two bars forming 
an apex on the unloaded boom maybe termed a "pair; "f if these make 
equal angles with the boom they are equally strained. 

95. If both booms be loaded, then — 

(a) in a warren (zig-zag or single triangle) girder there will be no 
" pairs." t 

(6) in a straight lattice t girder, if the load be equally divided between 
the two booms, bars intersecting at the mid-depth of the girder, and 
making equal angles with the booms, may be termed a "pair," and are 
equally strained. 

CALCULATION BT MEANS OF THE MOMENTS OF RUPTURE (pp. 2 to 15) 
AND THE SHEARING FORCES (pp. 16 to 23). 

9C. loads regularly concentratea at the apices of the diagonals, 
may be considered as uniformly distributed loads (w, in a 
and 34) when the moments of rupture (1) and shearing 
forces are being determined, so long as the concentrated 
load at any apex is equal to half the sum of the supposed 
uniformly distributed load on the two adjoining bays. Thus 
the weight at A (Fig. 39) must be = £ that at B, before the load can 
be considered as uaiformly distributed. If ^e uniformly distri- 
buted load were on the bottom boom in the fig., the weights concentrated at 
C and D would be equal. 
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GIRDEBS WITH PARALLEL STKAIQHT BOOMS. 

97. Note. As the depth of the girder (a constant divisor in calculating 
the strains from moments) is uniform, the diagrams (4, 5) may be con- 
sidered to give strains instead of moments, if the vertical scale be multiplied 
by the number of units of length in the depth of the girder. 

Thus, suppose the diagram had been drawn to a vertical scale of six 
tons to the inch, and that the depth of the girder was two feet (the foot 
being the lineal unit used in the case), then the ordinates in the diagram 
may be considered to give actual strains instead of moments if they be read 
off on a scale of three tons to the inch ; three tons to the inch being a scale 
twice as large as six tons to the inch. 

98. Note. Tlie Depth of the Glriler is the distance ielwem the 
centres of gravity of the cross sections of the booms, and must always be 
expressed In the same units of measurement as the length of span (2, 34). 

99. Warren Girder (single triangle), isosceles Bracing, loaded on 
One Boom Only — for any case given under Moments of Bupture, 
pp. 2 to 15. 

Booms. §— For the strain in any bay (84 — 87) of the imloaded boom, — 
Divide the moment of rupture (Mi in the formute, or the ordinate in the 



* Verticals from loaded bays to opposite apices may be considered to distri- 
bute the load between both the booms. 

t When two bars are said to form a pair, it is meant that the same amount of 
fhe vertical pressure of the toad is transmitted thrOTjtgh them Jjoth. 

X Any girder whose web consists of more than one system of trian^ulation is 
considered a " lattice." § See also 97. 



82 CALCSLATIOlr 01' SIBAINS. 

diagram, for the case T to 33) at the opposite apex, by the depth (98) of 
the girder. For any bay (84 — 87) of the loaded boom, take the arithmetical 
mean (half the sum) of the strains in the two opposite bays of the unloaded 
boom. 

Wee. — For the strain on any pair (94) of diagonals forming an apex on 
the unloaded boom, — Multiply the shearing force (s Hi in the formulae, or 
the ordinate in the diagram, for the case 34 to 58), developed at the apex, by 
the secant of the angle which the brace makes with a vertical ; or increase 
the shearing force (as above) in the proportion of the inclined length of 
the brace to its vertical depth. For the counter strains (93) from moving 
loads, see (100). 

100. The Counter Strains (93) in girders not continuous will be given 
by the smaller value of the two shearing forces given in 42 or 45, 
or by the ordinates (35) to the lines (A K, K B. fig. 30, or A E, E B, 
fiig. 32) in the diagrams which accompany those several cases ; the values 
thus obtained being, of course, multiplied by the sect. (77, ISO) of the 
angle between the brace and a vertical, and subject to indeed all the other 
stipulations made (under "Web") for the strains normal. 

101. In continuous girders with moving loads the counter strains are 
indefinite, but may be supposed, to act equal in intensity to the values 
allowed for the regular strains, and for some distance on either side of the 
point of .minimum shearing force * (51, 5%). 

103. IVarren Girder, isosceles or scalene Bracins, ivitli tlie Load 
1>rouKlit Equally upon Both Boomsf — for any case given under 
moments of rupture, pp. 2 to 1 5. 

BooMS.t — For the strain in any bay (84 — 87) of eitker boom, — Divide 
the moment of rupture (Mxin the formulae, or the ordinate in the diagram, for 
the case 7 to 33) at the opposite apex, by the depth (98) of the girder. 

Web. — For' the strain in any brace, multiply the shearing force (SHa; 
in the formulae, or the ordinate in the diagram, for the case 34 to 53), developed 
at the mid-length of the brace, by the secant (186) of the angle which the 
brace makes with a vertical ; or increase the shearing force (as above) in 
the proportion of the inclined length of the brace to its vertical depth. 

For the counter strains (93) from moving loads, see (100, 101). 

103. Girder with One System of Vertical Stmts and Inclined 

' Ties, loaded either on the top or 

lig. 40. bottom, or both — for any case given 

under moments of rupture, pp. 2 to 
15. 




BooM3.+ — For the strain in any 
bay (C D for instance) of eitker boom 
(84 — 87), — Divide the moment of 
rupture Q^x in the formulae, or the ordinate in the diagram, for the case 7 to 



• Actually there will be counter strains for a greater length of the several spans 
than there will be necessity practically to provide for them in, as their aunoant 
will always be exceedingly small near the piers compared with the other strains. 

t This is accomplished when there are verticals at the tmloaided apices. 

t See also 97. 
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33) at the opposite apex B, by the depth (98) of the girder. The strain in any 
bay of the upper boom in a whole girder (A B, fig. 40, for instance,) will be equal 
to the strain m the bay (0 D) of the lower boom on the mid-span side of the oppo- 
site apex ; for the moment of rupture will be taken at the same point (horizon- 
tally considered) for both the bays. The bays CE and F G are unnecessary for 
an independent whole girder. 

Web. — Struts. If the load be only on the upper boom, the compression 
on any strut will eqnal the shearing force (SHiin the formulEe, or the 
ordinate in the diagram, for the case 34 to 62), developed at the middle 
of the adjoining bay on the far abutment side ; * if only on the lower, 
then that at the middle of the adjoining bay on the near abutment side ; 
and if equally on the upper and lower booms, then that developed at the 
strut itself. 

Ties. For the tension on any inclined tie, — Multiply the shearing force 
(34) developed at its mid-length by the secant of the angle it makes with 
a vertical, or increase that shearing force in the proportion of the length of 
the tie to the length of a strut. 

Counter Strains (03 — 101). In a girder vrith the bracing disposed 
similar to that in the figure, a moving load, or a load covering less 
than either half of the girder would produce tension in some of the 
verticals and compression in some of the diagonals (to estimate which see 
100). This can be obviated by introducing other ties (as H C and H F) which will 
sufifer the tension otherwise brought on the verticals. These ties would, however, 
be useless with a stationary symmetrical load. 



104. Warren Girder with scalene Bracing:, loaded on one Boom 

— for any case given under moment of rupture, pp. 2 to 15. 

Booms. -j- — For any bay (84 — Si) in the uwZoadcd boom (CD, fig. 41, fjr 
instance), — Divide the moment of rupture (M«in the formulse, or the oiOi- 
nate in the diagram, for the case 7 to 33) at the opposite apex(G), by the depth 
(08) of the girder. 

The strain on any bay of the loaded boom (as E G, fig. 41) will bear the 
same relation to the strains in the opposite bays (H C and C D) as its apex 
does to their apices horizontally considered (that is, as the point F does to 
the points E and G). Therefore — 

EP 
Strain in E G = Str. in H C -h =,-7^ (str. in C D — str. in H C). (See 105). 
E G 

Web, — For the strain in a pair (94) of braces forming an apex on the 
unloaded boom, — Multiply the shearing force (8 Ex in the formulse, or the 
ordinate in the diagram, for the case 34 to 58), developed at the middle of the 
loaded bay included between the bars, by the secants of the respective 
angles which they form with a vertical ; or increase the shearing force (as 
above) in the proportion of the inclined length of the respective braces to 
their vertical depth. 

For the counter strains (93) from moving loads, see 100. 

105. niettaod of applying: tlie ]>iasranis for tbe moments of 
Rnptnro to the foregoing cases.f 



* Or the "no abutment " side in a semi-beam. 
t See also 97. 
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As before stated (96), loads which are in reality concentrated at the apices may 
tie considered aa uniformly distributed if they be such as a uniformly distributed 
load would bring on the apices in question. 

Fig. 41. 



Place the diagram of the moments of rupture (1) for the case of loading, 
support, &c. (1 to 33) immediately above (or under), and drawn to the same hori- 
zontal scale as the skeleton elevation (53, 59) of the girder. (See fig. 41, in which 
the load is supposed to be uniformly distributed (96, 19) along the upper boom.) 

Draw verticals right through the diagram at each of the loaded apices, whether 
on one or both booms (as E E and G G fig. 41.) If the lines to or from which the 
ordinates in the diagram are supposed to be taken be curved, dra,w chords to 
that curve at the intersections of the verticals just drawn with that curve (as in 
fi^.41.) A polygon will be thus formed, and the strainonany bay of either a loaded 
or unloaded boom will be given (9 J) by the ordinate to that polygon taken at the 
opposite apex. (See also 106.) 

For the diagonals the shearing forces may be taken directly from the diagram 
for the case (34 to 5%) drawn lo a large scale (35), subject t<i the modifications 
given under " Web " in the cases above. 

106. Note. If all the lines in the diagram for the moments of rupture, 
to or from which the ordinates are directed to be taken, be straight, then 
the strain in any bay of eWier boom, whether loaded or vmloaded, may be 
found from the ordinate taken at the opposite apex, by dividing the value 
of that ordinate by the depth of the girder (unless 97 be complied with, 
when the latter operation must, of course, be omitted). 

lOJ. lattice Girder wUhyui a central hay, and if of more than two 
systems of triangles then with a complete 
system of triangulation in the half 
span (os A B C D E F G), Ssrf any num- 
ber of intermediate systems loaded 
uniformly on one boom for an canal 
distance on either side of ' the mid 
si>an (see 110) : may be applied also to 
cases of continuous girders (30 — 33). 

Booms. — Place the digram (5, 6, 97) for 
the moments of rupture (1) for the case 
above (or below) the outline sketch of the 
girder (59) as in fig. 42. 

Draw chords and tangents (aa shown 
in fig. ) at points (C E' (J') corresponding 
with the divisions made by the "primary 
triangles." Two polygons will thus be formed, one by (or including*) the 

* When (81) is applied the load being centrally situated, the chords and tan- 
gents will of course extend only along the parabola C E D (flg. 16). 



Fig. 42. 
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chords, another by (or inoluding*) the tangents. For the strain in any 
bay of the mloaded boom take the ordinate to the eireunwcnbed polygon * 
at the centre of the bay ; and for any bay (as E H) of the haded boom take 
the ordinate to the mscribed polygon • at the centre of the bay. if the ordi- 
nates represent the moments of rupture (4, 5, 97), divide this value bv the 
dejrth (98) of the girder. 

Web.— Divide the load per unit of length (34) by the number of sys- 
tems of triangles (= the number of bays in the base of one of the primaiy tri- 
angles) for a new nnit of weight, «>, ; thus - = w, or -'=«', Then for 

the strain on any pair (95) of lattice bars,— Multiply the shearing force 
(8 H, m the formulae, or the ordinate in the diagram— 34, 35,— calculated or 
constructed with the new unit Wi , or w', ,) developed at -their apex by the 
secant of the angle they make with a vertical, or increase that shearing 
force in the proportion of the inclined length of the bar to its vertical 
depth. 



108. Any lattice Semi-eirder loaded on One Boom only. 

Booms;— If the load be concentrated, see 110. If distributfid, place the 
•diagram for the moments of rupture (4, 5) 
immediately above (or below) the ouuine' Fie 43 

sketch of the girder(59). 

Trace out the system of triangulation 
which terminates fairly at the extremity 
of the girder (see the thick lines in the 
fig.) To the curve of moments (4, 6) 
draw chords and tangents at points 
■( E', D') corresponding to the divisions 
made by the triangles just traced out 
^D,'K, fig. 43). If necessary for the con- 
struction, the diagram may be continued 
into the abutment. Two polygons will 
thus be formed, when, whatever be the 
number of systems of triangulation, — 
For the strain in any bay (84—87) of 
the imloaded boom take the ordinate, 
at the centre of that bay, to the circumscrff)ed polygon ; and for any bay 
of the loaded boom, to the inscribed polygon. If the ordinates represent 
the moments of rupture (4, 5, 97), divide their value by the depth of the 
girder (98). 

Web. — If the load be concentrated, see (110). If distributed, divide 
the load per unit of length (m) by the number of systems of triangles 
(= the number of bays in the base of a primary triangle (4 in fig. 43) for a new unit 




of load 



(:-=-> 



Then for the strain on any pair (95) of braces forming 



an apex on the unloaded boom, — Multiply the shearing force (s Hi in the 
formulse, or the ordinate in the diagram for the case, calc^ated or constructed 
with thenewumtwi—St,3S), developed at their apex, by the secant of the 
angle which they (each) make with a vertical, or increase the shearing 
force (as above) in the proportion of the inclined length of the brace to its 
vertical depth. 



* See note, p, 34, 
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109. Kattlce'Glraer, if whole, cmd of more than two systems of tri- 
angles, then not without a central apex on one or other of the booms (see 
fig, 44), loaded nntforinly and equally on both the Booms for an 
equal Distance on cither side of the 9lld-span, may be applied to con- 
ticuous girders (30 — 33). 

Booms. —Place the diagram (4, 5) of the moments of rupture (1) immediately 

above (or below) the outline sketch (53, 59) 

Fig. 4i. of the girder (aa in the fig., where the load 

is supposed to extend over the whole 

length of the girder). 

Where the line to or from which the or- 
dinates are taken is curved, draw chords 
to it at points (E'F'G'C) correspond- 
ing to the several apices (on both booms) 
of the system of triaugulation which has 
an apex at the mid span (EFGCinfig.) 
For the strain in any bay (84 — 8T) of 
either boom, tate the ordinate to the 
polygon,* thus formed, at the centre of 
that bay. If the ordinates represent the 
moments of rupture (4. 5, 97), divide 
their value by the depth of the girder. 

WiiB. — Divide the load per unit of length (lo) by the number of systems 
of triangnlation (= the number of bays in the base of one of the primary 

('w \ 

— = Wi ). Then for the 

strain in any lattice bar, or pair i" of bars. Multiply the shearing force 
(S Hi in the formnte, or the ordinate in the diagram for the case — 34, 35), 
developed at its or their mid-length, by the secant of the angle it or they 
(each) make with a vertical, or increase the shearing force (as above) in 
the proportion of the inclined length of brace to the vertical depth. 

109A. // there be only Two Systems of Triangnlation. Then for the 
strain in any bay (84 — 87) of either boom. Take the arithmetical mean 
between the moments of rupture at the two ends of the bay {p and q), and 
divide it by the depth of the girder. 

„^ . . , M„ + M, 

btrain in any bay = —!- = — —, 

2d 
The chords in the diagram will, however, give the same result. 

110. Concentrated loads on lattice Girders. If a lattice girder be 
subjected to the action of a concentrated load at any apex, as at D (fig. 42), 
the system of triangles upon one apex of which the load is situated 
(ABCDEFO, &c.) should be considered as constituting the sole web of 
the girder— that is, as far as the concentrated load is concerned, for there 
is also the distributed weight of the girder (61). The strains from the con- 
centrated load might be calculated as if the j^firder were a warren, and as if the 
intermediate bracing did not exist. Indeed, to introduce other systems of trian- 
gles for a stationary concentrated load would be an error in design, unless the 
boom upon which the load is placed be made sufficiently rigid to disti^bute part 
of the pressure upon adjacent intermediate apices, in wmch case the strains 
would be very indefinite. 



* If it be an application of case (21) the lines A F and G B (fig. 16) must be con- 
sidered to form part of the polygon. 
t There will be no pairs (95), unless the number of systems of triangles be even 
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aiEDERS WITH OtlRVBD OK OBLIQUE BOOMS. 

111. Any Curved or Obllane whole or Scml-erlraci' ivitli a Slnsle- 
trlansular Web, loaded on One Boom.* (This will include many roof 
principals, bow-string girders, bent cranes, Ac.) 

Booms.— If alternate braces be vertical, ilea for the strain in any 
bay of ^her boom; if not, then for the strain in any bay of the un- 
loaded boom only, — DiTide the moment of rupture (Mi in the formulse, or 
the ordinate in the diagram (4, 5), for the case 7 to S3) at the opposite apex by 
the length of the perpendicular let fall from that apex on to the bay. For 
the strains in the loaded bays, when all the braces are inclined, the best 
way is by the diagram as follows. Place the diagram of the moments of 
rupture,_ immediately above (or below) the outline sketch (53, 59) of the girder. 
If the lines in the diagram to or from which the ordinates are directed to 
be taken be curved, draw chords at points coiTesponding to the posi- 
tion of the apices in the loaded boom. Then for the strain in any bay of , 
the loaded boom, divide the value of the ordinate to the just-formed 
polygon, taken at the opposite apex, by the length of a perpendicular let 
fall from that apex on to the bay (121). (See 154.) 

Web. — For any brace, first determine the shearing force (34), acting at 
the middle of the bay on the loaded boom, which forms part of the same 
triangle with the brace in question. Next, find the vertical components (80, 
81) of the strains in those bays which are opposite sides of a quadrilateral 
figure, whose diagonal is the brace in question. If either of these bays be 
part of a boom in tension, and sloped as a strut (91), or part of a boom in 
compression and sloped as a tie (91), add the vertical component of the 
strain in it (already found) to the shearing force first obtained. Again, if 
either of the two same bays be part of a boom in compression and sloped as 
a strut, or part of a boom in tension and sloped as a tie, subtract its 
vertical component (already found) from the result of the last operation 
(the addition, if any).' The total resulting quantity must then be multi- 
plied by the secant of the angle the bracfe makes with a vertical, or 
increased in the proportion of the inclined length of the brace to the ver- 
tical distance between its ends. If the sign of the resvM be negative ( — ), 
it shows that the nature of the strain on the brace is opposite to that 
which its position would have indicated according to the general rules (91). 
If the brace be horizontal, the shearing force must be disregarded, and the 
horizontal components of the bays substituted for their vertical components 
In the process detailed above. The strain in a horizontal bay can have 
no vertical component. 

112. Any Cnrvcd or OMiqiue fvholc or Seini-grirdcr witli a single- 
triangular Web, loaded eanally on Botli Booms. 

Booms. — For the strain in any bay of either boom, — Divide tjje moment 
of rupture (Ma; in the formulse, or the ordinate in the diagram (4, 5) for the case 
7 to 33), taken at the opposite apex, by the length of a perpendicular let 
fall from that apex on to the bay. (See 154.) 

Web. — As in the last case, excepting that the shearing force must be 
taken at the mid-length of a line joining the centres of the bays, which are 
two opposite sides of a quadrilateral whose diagonal is the brace. 

* See foot note (•), p. 31. 
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113. For Continuous Olrdcrs, and Girders fixed at tJie Ends, the 

foregoing methods may be used in connection with cases 84 to 33 and 4G to 
5!!, provided that the conditions stated in the latter and below (113A) are 
complied with. 

1I3A. Wherever there is a negative moment of rupture at (or for 
safety in practice near) the abutments, the girder should be anchored down 
at its extremities. (See fo6t notes, pp. 13 and 15.) 

114. Fixing: tlie Points of Inflexion of Continuous Girders. — The 

points of inflexion (33) may be practically fixed at any part of a continuous 
girder subject to a moving load, by severing either boom at that part ; 
if the upper boom, the parLp tiiua severed must be prevented from coming in 
contact. The sti-uctwe is thus resolved into a series of independent girders, 
the strains upon which can then he most readily calculated. 

Pig. 45. 




Example. — in the accompanying fig. f45), by severing (or really removing) the 
bays of the upper boom opposite C and D, AC and D B become virtually semi- 
girders, each living to sustain in addition to the distributed load upon its length, 
half the total load on D, suspended at the extremity (11, 39). C D is simply an 
independent girder supported at both ends. 



Fig. 46. 



lis. The points of inflection may ie considered as ficed in those coji- 
tinnous girders, and girders fixed (or 
tied back) at the ends, whose depths 
vary as (or nearly as) the moments of 
rupture. The strains in these also 
may be calculated as if the several 
divisions were independent girders. 

If the tension members running down 
from the towers (as in fig. 46) be made to 
net simply as suspension chains, the strains 
on them may be obtained from 155 or 118. 




CAICULATIOS BY TUB COMPOSITION AND RESOLUTION OF FORCES. 
(wVLIQkBh^ TO ALL CASES OF OFEN- WEBBED INDEFENSENI QIBCEBS.) 

110. The following principles should be applied to the calculation of the 
strains on the various members of an open girder (discontinuous) by {1st) 
finding the reaction of the supports from any weight in the girder, and 
{2nd) tracing this reactionary pressure throughout the various parts. 




COMPOSmON AND EB301DTION OF P0ECE3. 39 

HT. Reaction of Supports. Let a and h equal the distances from the 
supports A aod B, respectiTely, of the 
centre of grayity of a load (W) on a Fig. 47. 

beam. Then, 

Pressure on A = Reaction of A = W -. 

Pressure on B = Reaction of B = W -■ 

In girders, properly so called, the sup- 
ports are supposed to be capable of resisting vertical pressure only. Their 
reaction can then only be vertical, and this must be borne in miud.* 

lis. Composition and Resolntion of Forces. If two forces (ab and 
o c) acting at a given point (a), be represented both 
in direction and amount by the two adjacent sides -^S- 4a. 

(a b, a c) ot a, parallelogram, an equivalent force 
will be represented in both direction and amount 
by the diagonal (a d) of that parallelogram. 

The converse of this is also true. 

119. If three forces, acting at a given point, be in 
equilibrium (balance), their direction and amount 
win correspond to the three sides of a triangle, if any two of which be 
given, the third may be found. This triangle is nothing more than a 6 d' or 
acd, &g. 48. 




120. If there l)e more tUan one concentrated load on a girder, two 

courses may be followed : 

The reactions and the strains produced by each weight separately may 
be found, and the algebraical sum (see foot note, p. 30) taken ; or. 

The reaction of the piers from the whole load may be worked towards 
the mid-span, the downward pressures of the several weights (when they 
are met with), being compounded with the other pressures during the 
progress. See Example (128). 

The first should be adopted when the load is variable — for then the 
maximum resulting strains of either kind on any member may be found 
(130) ; the second when the load is stationary. 

EXAMPLE— 
Strains in, a Bent Girder {Roof Principal). — Plate I. 

121. Calculation by the Moments of Rupture (1 to 33) and Shearing Forces (34 
to 62). 

AFKishalf of a bent girder whose clear span is 80 feet. The lower boom 
consists of chords to a curve of 96 feet radius ; and the upper, chords to a curve of 
57 feet radius. The load is considered aa uniformly distributed (regarded 
horizontally) on the upper boom, and =. 8 tons = '1 ton (w) per foot of span. The 
braces are alternately vertical and inchned. (See 111.) 



* Where the structure abuts against the supports, and those supports are 
supposed to be capable of resisting the lateral pressure, the structure is virtually 
an arch, and the reaction of abutments must not be considered solely as vera 
tical. (See 116.} 



40 CALOULATION OF STRAINS. 

Strains in the Booms. — The strain in the upper boom is compressive» 
and in the lower tensile (65). Aa the braces are alternately vertical and incUned 
(111), the strains in any bay of either boom will equal the moment of rupture (1) 
for the case (19) ta^en at the opposite apex, and divided by the depth of the girder 
talcen as a perpendicular from the apex on to the bay. (See Plate I.) 

The moments of rupture (M) may be obtained either from the formula 

(M=i^(Z— x) (2) (19)), or, from a properly constructed diagram (4, 6). 

The depths (as above) must be scaled from the outline sketch (53—59). 

The diagram for the moments as given in 19 apply properly to the unloaded 
boom only; while for the loaded boom, an inscribed polygon is required (111), as 
shown in Plate I. But wherever the apices 'on one boom are vertically under (aa 
in the present instance) or over those on the other boom, it will be evident that 
the only ordinates required from the polygon will be those t^en to its angles, 
that is, to the very points where it coincides with the parabola ; so that the 
polygon is unnecessary. 

It will be seen that by drawing the lines of construction for the parabola, as 
dotted in on the Diagram, there is really no necessity to draw the actual curve, 
(See also note to 238, III.) 
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) _Diagram Ordinate 
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anybay - ^ - ^^ 


d 




JBi/ Pormulce. By Diagram. 


strain 


•1 X 5 X 75 
^^^- 2x1-6 


18-75 
_ j.g _ 11-7 tons. 


„ 


•1 X 13-75 X 66-25 
B<^= 2x3-9 


45-53 


» 


-1 x 23-26 X 57-5 
CD- 2x6-7 


64-68 
- j.y - 11-3 tons. 


„ 


•1 X 31-25 X 4S-75 
^^- 2x6-9 


76-17 
= -^ =11-039 tons. 


» 


•1 X 40 X 40 
EP- 2x7-25 


80 
= yT^ = 11-031 tons. 


„ 


18-75* 
^<*- l-9t 


= 9-8 tons. 


„ 




= 9-3 tons. 


„ 


46-63 • 
^^ - 4-5 


= 10-1 tons. 


,, 


61-69 * 
^•^ - 61 


= 10-6 tons. 


„ 


76-17 • 
•'^- 7-08 


= 10-7 tons. 



Strains in the Web. — The valnes of the Shearing forces (1, 34) may be 
obtained either from the formula for the case (44) or from a diagram (35), the 

• The moments of rapture are the same as for the upper boom, as the apices 
are at the same horizontal distance from the supports. 

-j- This " depth " is a perpendicular, let fall &om B on to A Gr produced. (See 
Hate.) 



EXAMPLES. 4) 

triangle A' B' C (Plate I.) corresponding to A C B (fig. 31). The vertical compo- 
nents of the strains in the booms must be obtained (111) eith^ hy (SO) mliltiplymg 
such strains by the sines of the angles of inclination of the several bays (as the 
angle ij B for the bay D B, Plate L), or by a geometrical construction, as shown 
for the bays D B and I J ; for the former, D j is the strain in the bay, and D i tho 
vertical component. 

Strain in any brace = ■! S H + (vert, comp.) + (vert, comp.) | see. 9, 

Strain in F K = -^S? — '85 = — '413 tension.* 

„ K E = (-437 +, -48 — '85) X l'? = '114 tension.* 
„ E J = 1-3 + -48 — 2-6 = — -82 tension. 

„ J D = (1-3 + 1*4 — 3-6) X 3 = -218 tension. 
„ D I = 2-2 + 1*4 — 4-3 = — -7 tension. 

„ 10 = (3-2 + 2'22 — 4-3) X 3-5 = -42 tension. 

C H = 3-07 + 2-22 — 6-2 = — '93 tension. 

HB = (3-07 + 3-0— 6-2) X 9-5 = — 1-24 tension. 

B G = Diff. het. vert. comp. of A G and GH. 
= 3-0 — 37 = — '7 tension. 

122. Calculation hy the Composition and Resolution of Forces (116—130). 

For the data see 121. The weights (125) on the several apices of the upper 
boom must be considered as half the load on the adjacent bays, the load being 
horizontally uniformly distributed. Thus at B will be (2'5 + 4'375) X '1 tons 
= '687 tons ; and on each of the remaining apices on the upper boom 8"76 X '1 
= '875 tons. The sum of all these weights on the girder will be 7'5 tons, the other 
•5 ton being supported directly by the two piers ('25 ton on each, being half the 
load on the outer bay). The reaction (11?) of either pier from the total load on 

7-5 
the girder will be y = 3*75, and this must be worked up to the centre by the 

application of (lis or 119). 

At pier A (Plate I.) draw a perpendicular (A &) = the reaction of A as above. 
Produce AB to a, and through b draw h a parallel to A G. A 6 a is the triangle 
of forces at A. Then (119) 6 a is the t^sion in A G ; and A a the compres- 
sion in A B. Through a draw a c parallel to G H ; then a c 6 is the triangle of 
forces at G ; c a is the tension in G H, and c & that in G B. At B there are acting 
the compression in A B, the tension in G B, and the vertical pressure of the 
weight ("687 tons) at B, a^l of which are held in equilibrium by B C and B H. Let 
A.d:= the sum of the tension (c &) in G B and the weight at B. Join d to a ; and 
da IB the resultant of the three forces just named. To avoid confusion, repeat d a 
Q.tad'. Through d' draw (i' e parallel toOB; and through a, a c parallel to B H. 
Then ed' is the compression mBC; and a e the tension in B H. Transferaeto 
c/, and join /to a.; then/a is the resultant of the strains in B H and GH; which 
resultant may be resolved in the dkections of H C and H I ; and so on to the 
centre. 

The inexperienced practitioner will find it more convenient and safe to 
worh by the parallelograms (118) instead of the triangles offerees, as the 
nature of the resulting strains is more clearly shown by the former, and 
there is also less liahility to confusion. 



Methods off Calculation founded on the Paralleloquam of 
Forges. 

133. General law of the Strains in tbe Booms of Horizontal 
Straight Girders. The increment of strain developed at any apex in the 



* See 111, "Web.' 
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boom, is equal to the resultant of the horizontal components of the stmns 
in the two diagonal bars forming the apex. 

Let a 6 and a c represent in direction aad amount the strains in two bars 
forming an apex, one bar being in compression, the 
other in tension. Let the verticals 6 d and c e be drawn, 
and through a, the horizontal d e. Then 6 d and c e will 
correspond to the load on the diagonals 6 a and a c respec- 
tively; da and ae will be their horizonlal components; and 
d e will he the increment of strain developed at a. 

When, however, the strains in the bars are both tension 
or both compression, their horizontal components will be 
antagonistic, and the increment will then he the difference 
between them instead of their sum (as d e), 

A. veriicoX brace has no horizontal component. 




134. The geiieral Rules for looms and bracing (84 to 95) hold good 
here also. 



1S5. If tUc load lie not concentrated at tlic apices, each apex must 
be considered to sustain part of the load on the two adjacent bays. If the 
load be uniformly distributed, each apex will sustain half the load on the 
two adjacent bays. For other distributions of load, the pressure or equivalent 
weight on each apes must be determined from ll?. The total loads thus 
allotted to the several apices will be called the *' weights." 



136. In this division of the work — 
Let 6 = Angle made by any brace with a vertical line. Then — 



Sec. e = 
Tan. = 
Sin. 0- 



Inclined length ofbrace 
Vertical distance tetween its ends 

Horizontal d istance between its ends 
Veiiical distance between its ends 

Horizontal distance betwepn its ends 
IncUued length. 



^ % 



'K 



^^A 



. . .Horizontal length * ■ • • 



137. Straiglit Semi-sririleF loaded in any manner. 

Web. — Svery weight (laS) on the girder is transmitted through. Us own 
system, of triangles to the ahutment. The load on cuny trace is equal to 
the sum of all the weights upon its system, between it and the unsupported 
end of the girder. For the strain on any brace multiply the load on it (as 
a{)OTe) by sec. fl. 

Booms. — By (183), — The horizontal component of the strain in any 
brace = (strain in brace) x sin. 8. (1S6. ) 



188, — JExAMPLS. —Let fig. 60 represent a parallel straight girder of otherwise 
irregular construction loaded at three points {afc). The weight of the load at a 
is conducted aJong the braces abcde, that at c along ode, HI k represent the 
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a b, and la = increment (183) 
Fig. 60. 




weight Wsi i a will be the tension (91) on 
at a. If m n also equal Wa.n 6 will equal the 
compression in c &, and m b the increment at b. 
The load one die equal to Wi and W3 together. 
If op = this load, o c will equal the tension on 
d c, and p c the increment at c, and so on ; gt 
being equal to Wa, n/will equal the strain in 
fffj and if the increment at/. 

Then (133)the tension(65)in lg = mb + la; 
that in dg = ug + tf+ strain in 6 fir; that in 
id=.qd + pc + thatm dg. So also the com- 
presBion(65)ina/=a 2; th&tmfc = tf+ that 
ina/j thatincft = (!p + m6 + thatin{;/+that 
in fa; and so on. If the triangles for the strains be drawn to a large scale, the 
strains may be obtained quickly and accurate. 

129. gtralgbt Warren Semi-sirder, Isosceles Bracing, loaded nt 
the Extremity, 

Web. — Strain (2) in any brace = W sec. d. . . . (ISO.) 
Booms. — Strain (S) in any bay of either boom, 

S = n W tan. fi, . . . (120, ) 

where W=the weight, and »=number of diagonals between the centre of 
the bay and W. 

130. Straight TTarren Semi-grirder, Isosceles Bracing, loaded cni- 
formly on One Boom, The weight on tbe end apex = half that on the 
others (96). 

Web. — Strain (2) in any pair of diagonals forming an apex on the un- 
loaded boom. 

2 = w a; sec. 0, . . . (126,) 

where w — load per unit of length, and x = number of units between 
the apex and the unsupported end of the girder. 
Booms. — The strain (S) in any bay of the loaded boom, 

S = [ m(m— 1) + 4 jwytan. 9 . . . (126.) 

In any bay of the unloaded boom, 

S = nfwy tan. 0, . . . (126,) 

where m = number of the bay counted from the outer end of the girder, 
and y = length of bay. 

The following cases (viz., 131 to 138 inclusive) do not apply to con- 
tinuous girders or whole girders fixed at the ends. 

131. Straight Warren Girder, Isosceles Bracing, loaded at An? 
Point, 

Web. — Strain (2) in any diagonal be- 
ween A and W, ^'S' ^^■ 

i 
2 = W T- sect. e. 



In any diagonal between B and W, 



■■ W Y sec. 9 . 



(126.) 




Booms. — Strain in either end bay of the longer boom = (reaction of 
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support) X tan. 9 (117, 126) ; and if this value be considered a unit, then 
the strains'in the bays of the longer boom will be proportional to the series 
^ > ^1 S| 7, &c. ; and in the shorter boom to the series 2, 4, 6, 8, &c^ 
counting from the supports. Thus the strain in the second bay of the longer 
boom, from pier B will equal { 3 W -r- tan. 6 V 

Strain in the bay opposite the loaded apex= ; — d being the depth 

(98) of the girder. ' " 

132. If W lie In the centre of tUe ginler, the strain (2) on any 

diagonal, 

W 
2 = - sec. e . . . (120.) 

And the strain (S) on the centre bay, 
Wl 

133. Straight IVarrcn Cilrder, Isosceles Bi-aeine> with a con. 
ccntvate<l Alovini? load. 

Web. — Every diagonal except the two end ones will be subject to counter 
strains (93). The maximum strain normal on any pair of braces forming 
an apex on the unloaded boom, will occur when the load is at the inner 
(mid- span) end of the inclosed bay. The maximum counter strain on any 
pair will obtain when the weight is at the outer (near abutment) end of 
the enclosed bay. The values can be obtained from (131). 

Booms. — The maximum strain on any bay (84-T) of the unloaded boom 
is when the weight (W) is at the opposite apex ; and on the loaded boom 
when the weight is at the next inner apex. The values can be obtained 
from (131). 

134. Any Straiglit ■W.irren or lattice Girder (isosceles of scalene 
bracing), -with any loiul syniuietrically disposed ahout the Centre, 

either on one or both booms. 

Suppose the load collected at the apices, according to (I%5). 
Web. — The load on any bar will he equal to the sum of all (he weights 
(125) on its system of triangles, between 

^'S' ^^' it and the centre of the girder. The strai/n 

" ou the bar will equal the load on it, multi- 

plied by the secant of the angle it makes 
with a vertical (126). 

Let the accompanying fig. represent half a 
girder, with loads on both booms symmetrically 
disposed about the centre a. Then the load on 
h a will be half the weight (125) at a, that on &c half the weight at a, and the 
whole weight at b ; that on c d, the weights at c and b and half the weight at a, and 
so on ; fg will take the whole weight at /; ij the whole weight at i; ef and i e 
will not he necessary. (See foot note, p. 46.) 

Booms. — The strains on the several bays will be best obtained from 
the web, by the application of (123), by summing the several increments 
(commencing at the outer ends of the girder) as follows. 

The strain in o n is the increment at o. But the strain in o w pervades the 
whole length of the bottom boom, and therefore must be added to all the other 
increments inwards (towards the centre of the girder). The same may be said of 
the strains in the other bays ; so that, strain in b m = (inc. at o) + (inc. at n) 
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Strain In ml = (ino. at o) + (inc. at n) + (ino. at m) = (strain in m ji) + (inc. at i»). 
Therefore, the strain in any bay is equal to the strain in the next cmter 
hay ( + ) phis the increment at the intermediate apex. Note. This applies 
also to semi-girders. 

135. Ally Straight Warren or lattice Girder (isosceles or scalene 
bracing), with a nniformly distributed Slovins load.* 

Web. — The simplest method of obtaining the strains and counter strains 
(93) is by tabulating the strains produced by each weight separately, 
using (131, " Web"), which will hold good for other than isosceles bracing, 
provided the sec. 6 (126) is corrected for the varying angles. The co- 
efioient, sec. 9, should not, however, be employed until after the summai'y is 
made. See example (I3G ). 

Booms. — The strains in the booms are greatest when the girder is fully 
loaded, and may be most easily obtained from the web by (183 and 134). 

136. 5jr^3/PiB.— AB, fig. 53, isagirder50fl.long, lOfl. deep. The lattice bars 
are inclined at angle of 45° with a vertical. 

The moving load is equal to 1 ton per lin*^al Fig. 63. 

foot, = 10 tons at each apex (on the lower 
boom) (125). In tabulating th,> strains, 
only those bars which incline inonedirection 
need be considered, for the remainder are 
strained similarly and equally. (Thus a, 
fig. 63, corresponds exactly with the bar 
intersecting £, and so on). In the table 
below, + indicates compression, and — ten- 
sion. The numbers are the loads on the bars. For the itrains, the loads must 
be multiplied by sect. 45° = 1 '4. The columns (maximum -t- ) and (maximum — ) 
are obtamed by adding the -1- values together and the — values together respec- 
tively in each horizontal row. The column (uniform load) is the algebraical sum 
of the values in the horizontal rows. 
Tracing the action of Wi, it is seen (from 131) that in a, fig. 53, there is from it 

aload = 'W- = 10 x _ = 8 tons, evidently producing tension (— ): and in c 
I 60 

and « there is a load = W— = 10 x — = 2 tons, as evidently producing compres- 

l 50 

Bion(-f). And 80 on for the other weights. 




Bars. 


■Wi 


■Wa 


W3 


■Wi 


Mnxi- 
muiii 

+ 


Maxi- 
mum 


Uniform 
Load. 


a 


— 8 




— 4 






— 12 


— 12 


b 




— 6 




— 2 




— 8 


— 8 


c 


+ 2 




— 4 




+ 2 


— 4 


— a 


d 




+ i 




— 2 


+ 4, 


— 2 


+ 2 


e 


+ 2 




+ 6 




+ a 




+ a 



It vrill be seen from the above Table that bars c and d (and of course the bars 
inclined the other way which correspond to them) will suffer strains of both 
tension and compression. 



* Case of a railway train passing over. 



46 CAlOtJLATION OF STRAINS. 

I3J. Note. — The strains in the web resalting from the weight of the 
girder itself, must not be calculated simultaneously and in combination 
with those resulting from the moving load. They should be calculated as 
for a stationary load (either by 1S4, or by tabulating as above, to form the 
column "uniform load ").* The values thus obtained for the several bars 
should then be algebraically added to each of the columns ("maximum +", 
"maximum — ", and "uniform load"); and it will be found that the 
modification in the first two will be more advantageous as the weight of the 
girder becomes large compared with that of the moving load ; for the 
counter strains (93) will be less, and the amount of counter bracing 
necessary will be diminished also. 



138. Any Straight Open-braced Gli-dcr, wltU a load nnsj'nime- 
trlcAlly disposed al>OHt the Centre. 

Web. — a. By tabulating the strains produced by the several weights, and 
taking their algebraical sum ; 

Or, &. By (1st) abstracting the unsymmetrical parts of the load, and 
proceeding with ' the remainder by (134), (2nd), calcu- 
lating for the unsymmetrical part by (135) ; and (3rd), then 
taking their algebraical sum of (1) and (2). 

Booms. — From the web by (133), 



139. lattice Girders having their Diagonal Bars fixed together 
»t their Intersection may be calculated as if the bars were not so fixed ; 
for this mode of constructing a girder "can never add to the longitudinal 
strain upon it ; but by calling into play the resistance of the bars to cur- 
vature adds to the stiffness of the bridge."t 



140. Simple Truss. — Let AB = ?, ■WC = (J, and if the angle between the 
inclined tie and tibe homontal. Then, — 

TTirr Ki 

Compression m AB = j-ji 

Tension in A C and C B = -t-t sec. p. 

Compression on C W = W. 

W 
If WC represent -, then AW or BW will equal strain along AB ; and 




AC or CB that in the ties AC, CB. 



* The two methods will not give equal results at and about the very point (thi 
centre of the girder) where the values are of the greatest consequence. This is 
quite unavoidable J and the safest course (which need be pursued only in works 
of importance) is to employ both methods, and to provide against t^e greater 
strains. 

t " Wrought Iron Bridges," by 3. H. Latham, M.A, 
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141. WJien W is not in the Centre. 

Let A W = a, 
BW = 6, 

ip= angle CAW, 
{)' = angle CBW. 
The other notations as before. 



Compression along AB = W — , 
Id 

Tension in AC = W — sect, a, 
Id 

Tension in CB = W ^* sect, a' 
Id 



Fig. 66. 




(life,) 



Compression on W C = W. 
For the pressures on the supports, see (117). 

14a. If the truss in either Jig. 64 or fig. 55 were inverted, the strains on 
the various parts would change in kind but not in amount. 



143. In both the albove cases, the tension on the ties and the direct 
(SI) compression on A B would remain the same as at present, if instead of 
being loaded with the concentrated weight W, a load equal to (2 W) were 
spread uniformly along A B. 

144. Componnd Tmss. — ^A structure of this kind may be regarded 
as compounded of a number of simple trusses {140). The simple truss 
A C B D has to sustain at its centre (C) half the entire weight of the structure 
and its load. The truss AEOF has to sustain at E half the total load 

Fig. 66. 




between A and C. AGEH must likewise be considered as supporting at 
G half the total load between A and E, and so on with the others. With 
a uniformly distributed load on A B, A H E and the three other similar 
trusses would each take | ; AF C and its fellow, each i ; and A D B, i of 
the total load. The strains on the various parts can then be obtained from 
(140). The compression along AB is uniform throughout the whole 
length. 
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Aroh Bbidses. 
abche3 with sfansril braoins. 



145. With a Uniform 

Fig. 67. 


Horizontal Load. 

Let I = length of span, 




1 


2/ = horizontal distance of any point 
from the crown, 

w = load per unit of length. 





Arched Rib. — Compression at the crown (C), 

8« 
Compression at any other point (C) 



^'=^/Wy^^' 



The expression for C is strictly accurate only when the arch* is a parabola, — 
the curve of equilibrium for the load in question. It may, however, be safely 
used in most cases of practice for arcs of circles. 

Spandril. — If the arcJi* be parabolic, the only strain on the spandril 
■will be the vertical pressure of the load. (See foot note t, p. 49.) 

The spandril may then consist of a number of pillars or struts (as in 

fig. 57), each sustaining a vertical pressure = nearly ; N being the 

N — 1 
number of spaces into which the pillars divide the span. 

If it consist of a continuous web, the compression of it per unit. of length 
will be equal to w. 

If the arch* he not a parabola, the strains in the spandril bracing 
may be obtained from 80, 81, (for continuous or "plate bracing"), or 111 
(for diagonal open work), the rib being considered aa the " compression 
boom." 

Top Horizontal Member. — With a parabolic wrch this member 
(D E fig. 57) simply acts aa an immediate support for the load (87). Wiih 
an arch not a parabola,, there will be a strain on it acting in the direction 
of its length, the nature and amount of which may be determined from 
the increments at the apices of the diagoiutls in the spandril, by the appli- 
cation of the law in 133 as illustrated in 131. 

146. TTitb a niovlus load. 

For obtaining the strains on the various parts of a braced arch, subject to a 
distributed moving load, the following method may be employed.! 



• More properly the neutral axis, or the line traced through the centres of 
gravitv of the cross sections of the hb. 
t Given by B. Stoney, B.A. (in " Theory of Strains ") ; and others. 




BRACED AND LINEAR ARCHES. 49 

Conceive the load to be collected into weights at the seyeral apices on the 
horizontal member, each apex sustain- 
ing half the load on the two adjacent ^^^- ^' 
bays. The strains produced by each 
weight separately must then be found 
and tabulated, as in 135. Suppose 
the strains from weight W (fig. 58) are 
to be considered. At W draw the 
vertical W D. From the abutment 
A draw A C D through the crown of 

the arch (C) till it intersects the perpendicular at D. Join D to 
B. If the weight W be resolved (H8) in the directions A D and B D, the 
amounts and directions of the reactions of the two abutments will be found. 
This may be readily done by producing A D to E, and erecting a perpen- 
dicular at B. Then, if E B equal the weight W, D E will be the reaction 
of A, and D B the reaction of B. If the fonner be traced up from A 
towards the weight, and the latter from B, by the resolution of forces 
(118, 119) the strains on the various parts may be thus found ; and the 
same being done for the other weights in succession, the maximum strains 
produced by any position of the load may be derived from a table similar to 
that on page 45. 

If the weight of the structure be small compared with that of the rolling 
load, it will be found that some of the end bays of the horizontal member, 
and of the middle bays in the arch, will occasionally suffer tension. See 
also 137. 

TJNBBAOED ABOHES, 

Or arches whose stability depends upon the stiffness of the rib itself. 

147. The Neutral Surface, or neutral curve of an arched rib, is a line 
traced through the centres of gravity (330) of the cross sections of the rib. 

I4S. The line of Pressures is a line the ordimatea to which vary as 
the moments ofruptwre (1) for the load* 

The line of pressures is given at once in those diagrams (pp. 4 to 6), in 
which the ordinates for the moments of rupture are directed to be taken 
from and on the same side of one horizontal line. Where this is not the 
case (as in 30 or 31, for instance), the ordinates must be transferred to 
some new horizontal datum. 

The ordinates may be taken to any scale for ready comparison with the 
neutral curve of the rib. 

149. Whenever in any arch the line of presawes coincides with the 
neutral swface, the arch is in eqvMibrvum, and the strain upon it is 
everywhere compressive, f 

* For Masonry and many other Arches oaseM will be found exceedingly con- 
venient. The structure and 'its load should be considered as made up of several 
small portions, each collected at its centre of gravity. The line of pressures can 
then be obtained by summing the ordinates for a new outline, as there directed. 

t Strictly speaking, the pressure on an arch of other than a thoroughly incom- 
pressible material alters the form of the arch ; and this alteration of form, or 
binding action, induces strains similar to those found in beams (see 1 and 33), 
The tension on equilibriatedribs (150, 151) is in practice so small (even where it is 
developed,— for this does not occur till the tension induced by the bending exceeda 
the direct compression on the rib) that it need not be regarded. 

E 
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150. The Stability of an Arcb Incapable of Resisting Tension is 

secure so long as the line of pressures does not at any point deviate from 
the neutral curve by au amount, the proportion of which to the depth of 
the rib is given by the values of q (1S3) for various forms of cross section, 

151. Wherever the line of pressures deviates beyond this limit, there is 
a ttmion on the rib on the other side of the neutral surface, increasing with 
the deviation. 

162. Presswe along one edge of an arched rib invariably produces 
tension on the other edge, whatever be the form of cross section, 

153. Limits of the deviation of the line of pressures from the neutral 
surface consistent with there being no tension on the rib ; — 

Form of On»s Sedum. Vabieo/g* 

Bectangle ....... i 

Ellipse and Circle i 

Hollow Rectangle (area = hh —b' k') \ 

also I formed section, b' being the f , / V h'^ \ / h' k' \ 

sum of the breadths of the lateral f ^\ 6 h?/ "^ \ i ft/' 
hollows. } 

Hollow Square (area = ft^ — ft'") « V ^ ■•■ js /' 

/ 5'ft"\ / h'h'\ 
Hollow ElUpse J (^1 _ ^^ (l __^. 

(ft'2 \ 
1 + -p V 

b and V = external and internal breadths ; and 

ft and ft' = the external and internal heights or depths. 

I, section alike above and below . J ( 1 + ,/ ., , V 

A = area of each table or flange ; 

A' = area of the connecting web. 

151. The above values of q should be applied as a test for tension in 
cases of braced arches, and also where the spandril 

^^' ^^' consists of columns ; for the line of pressures is 

^ then in reality a polygon, with the angles at 
the apices on the rib. (See fig. S9.) 




154 A. When an Arcbed Bridge consists of 
several unequal Spans, the neutral surfaces of 
all the ribs should be parts of the same figure — 
(generally arcs of the same circle, or the same parabola). 



• These values of 2 are from Professor Kankme's "Civil Engineering;.' 



SUSPENSION BBISOES. 



SI 



Suspension Bbidqes. 

15S. ORDINAKr suspension BBIDQE OF ONE SPAN, WITH A UNlFORlt 
HORIZONTAL LOAD. 

Main Chains. — The curve which the main chains will assume will be 
very nearly a parabola. 
£et w = load on each chain per unit of length ; 
I — length of span ; 
V = Tersine, or depression of the chain ; 

^ = angle which a tangent to the chain at any point makes with a 
horizontal ; 

y =■ horizontal distance of any point from the mid-span. 



Tension at centre, T = 
At any other point, 



Sv ' 



o^•-^/(m^'■ 



Kg. 


60. 


HBH 


^ki^^Hi^l 



SuspBNDiNS EoDS. — Let N = the 
number of spaces into which they divide the span, then, 

Tension on each = 

(N-1) 

Towers and Counter-ohains. — The tension on the counter-chains, 
and the pressures on the towers may be readily found as follows : — Pro- 
duce the tangent to the main-chain at the tower (C) till its length (C D) 
en a scale of parte, equals the tension at that point (found from 
T' above). Through D draw DE parallel to the direction of the 
counter-chain (C F). Produce the centre line of the tower till it inter- 
sects DE. Then (118) CE will give the pressure on the tower, and D E 
the tension on the counter-chain. 



156. ORDINARY SUSPENSION BRIDOE OF' MORE THAN ONE SPAN, WITH 
A UNIFORM HORIZONTAL LOAD. 

When a suspension bridge consists of several spans, the chains of all of 
(hem must form portions of one and the same parabola. 

The strains on the whole spans — as B C — will be the same as in (15B). 

G 2 
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CALCULATION Of SIRAIKS. 



The strains on the outer spans (A B) are identical with those in B D, 
Pig. 61. 





as the parts A B and B D are equal. But where the abutment spans are 
not equal to half the inner ones, the first conditions made in this paragraph 

must be observed, and then T = ( — — ) sec. 9 (155), I being still the 

inner span. 

The compression on the towers will equal the diagonal of a paraUelogram, 
whose sides correspond in direction and length to the tensions in the chains on 
either side (as at E in fig. 61). 

157. SUSPENSION BRIDOE WITH SLOPINO RODS, WITH A UNIFORM HORI- 
ZONTAL LOAD. 

Main-ohaihs. — The curve which each half of the chains wiQ assume 
will be a parabola with its axis parallel 
"• to the direction of the sloping rods. 

wl'l ^ 
Tension at mid-span, T = -3 — ; where 

(w I') is the total vertical load on the 
rods ; the other notations as in 155. 
Tension at any other point, 

1' = w y cosec. ^ ; 

y being the distance from the mid-span to the bottom of the sloping rod, 
at the top of which T' is required ; and (j> the angle which a tangent to the 
chain makes with the horizontal. 

SiopiRQ Bods. — Tension on any rod, 

t = W sec. fi ; 
where W is the vertical load on the rod (half the load on the two adjacent 
bays) ; and fi the angle which the rods make with a vertical. 

Horizontal Member. — The compression (c) on the horizontal platform 
at any point distant (y) ftom the mid-span, is 
c = wy tan. ^. 
For the iowen, see 155 or 156. 

158. Suspension Bridges with Moving Loads are subject to much 
disfigurement, to prevent or modify which several means have been devised. 

169. (1.) An auxiliary girfUr from pier to pier, anchored down to the 
abutments. If this girder be continuous for each span, its booms (fig. 38 a) 
for about the middle half of its length must be able to resist a strain 

v/l^ w'l 

= oTji ^""^ *''* '^^^ * shearing force of about -— ; «/ being the intensity 

of the moving load per unit of length ; I, the length of span, and d the 
depth (98) of the girder. 
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160. (2.) When the bridge consists of several spans, — Fixing the chams 
to the top of the towers, and considering the latter as Bemi-girders, 

vJP 
each one loaded at the extremity with - — , notation as before (159). While 

8 V 
the tower is suffering the strains consequent on the application of 
this force to its extremity, there is also a direct compression on it 



=("0 



I. This latter, it must be remembered, modifies the ten- 

sional (4) strains produced by the foi'met, 

161. (3.) Inserting diagonal bracing between the roadway and the 
chains. The strains on the various parts may in this case be obtained as 
in 116 ; they will be altered in kind only, not in intensity. 

161 A. (4.) A pair of chains of identical curvatwe, placed one above 
the other, and having diagonal bracing between, the greatest shearing force 

on which would be — =— • 

161 B. (5.) Counter chains attached to the main chains at about | span 
from the abutments or piers, and running down to the latter. They 

should be made to resist a strain of I — x sec. 6 j; B being the angle 

between the counter chains and a vertical. 

161 C. (6.) Inclined straight chains, for carrying the pUtform and 
the moving load. They extend from the towers, and meet or intersect 
each other. They are sustained in the required straight lines by rods, 
which are coimected to craved chains, the latter having to carry the 
weight of the straight chains only.* The tension on the latter may be 
found iirom 155. The tension on the straight chains may be most readily 
found by a parallelogram of forces (118). 



162. Abntments and Piers. Girders, properly so called, viz., those 
structures which simply rest upon the supports, bring upon those supports 
a vertical pressure equal to the shearing force developed there. (See last 
paragraph in 46.) 

A hutments of Arches. The thrust at the abutments of an arch is exactly 
equal to the compression in the arch rib at the springing, the value o' 
which may be determined from 145, 146. 

For the towers and piers of suspension bridges, see 155, 156. 

Whenever the piers of a bridge consist of columns, their strength os 
such — their liability to flexure, &c. — must not be overlooked. (See 168.) 



SECTION ni. 
Disikibtjt:on op Material to- resist the oaloclated Sikaihs. 

(Embodying Processeses VI, VII, p. 24.) 

163. Tlie Strength of a Structure, or of any part of it, is its ability 
to resist the external forces tending to cause its rupture. 

• Mr. R. M. Ordish's system. 
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161. Axiom. No whole is stronger than it$ weakest part. 

165. Vnilbrm Strongtli. A structure is said to be of uniform strength 
when no one part would yield before another, supposing the structure to be 
subjected to the load, or a multiple of that load for -nrhieh it was designed. 

In structures not of uniform strength, all the material in excess of that neces- 
saiy for uniformity of strengh is redundant.* 

To secure imifarmity of strength, a constant co efBcient of safety (178) 
must be used for the same material strained in the same way. For beams 
of uniform strength, see 215 — 218. 

166. Tnlts. It is necessary to adopt : 

1. Unit of Strain or Stress ; generally lib. avoirdupois. 
9. Unit of Sectional Area; generally 1 superficial inch. 
3. Compounded Unit of Strain and Area ; 1 lb. per sq. inch. 
Let A = area of a section in units (sq. inches). 

S = calculated strain in units (pounds avoirdupois). 
U = ultimate strength, or breaking weight of the material — 
in lbs. per sq. inch of section. (For numerical values, 
see 231.) 
Co = coef&oient of safety (178). 
W S = working strain (173). 

Fbinoifal Sir&iks to be met with in Bridges, Girdebs, &o. 

167. Tension, causes or tends to cause the fracture of the material 
upon which it acts by tearing asunder its particles. 

The resistance to Tension is directly as the area of the cross section of 
the material, taken perpendicular to the direction of the strain (164). 

Sx Co S 
Area necessary to safely resist a strain, A = — g — = ™^' 

168. Compression, causes or tends to cause the failure of the mate- 
rial, by crushing, buckling, or both combined. 

Crushing, Materials in compression ( " struts ") can be considered liable 
to crushing alone, only when their least diameter (taken perpendicular to 
the direction of the strain) is not more than about ^ of their unsupported 
lengtb,i- The resistance is then directly as the sectional area, t 

Area necessary to safely resist a strain, A = — — ~ = 

U WS 

BucMing. When struts have an unsupported length equal to about 25 § 
times their least diameter, they may be considered to suffer almost en- 



* It cannot be said that the excess is entirely useless ; but more on this point 
would be out of place here. 

t Hodgkinson. 

i The resistance to crushing of a body whose diameter normal to the pres- 
sure far exceeds its dimensions in a line with the pressure, is very great, but 
equally indefinite. - 

§ For wrought-iron struts with riveted joints, from 40 to 60 times. 
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tirely ty being bnckled, i. e., crumpled up.* Struts shorter ttan this fail, 
partly by cru^ing, and partly by buckling. 

169. BBEAKINQ WEiGHr OP COLUMNS. — Prof. ffedglcmson's formulcB 
for eait-iron columm. When of more than from 25 to 30 diameters in length, 

Break, wt. = for solid pillars ; and 

Break. wt.=iiii!:lz:^); 

for hoUoir cylindrical pillars, flat, or firmly fixed at both ends, d being 
the external diameter, and d' the internal diameter in inches, and I the 
length in feet. Columns rounded or moveable at both ends have bnt \ the 
strength of those flat or fixed ; and the strength of those irith one end fixed 
or flat, and the other rounded or moveable, is about an arithmetical mean 
between these two cases. 

When of less than from 25 to 30 diameters in length, let h be the value 
obtained by the above formnlse, and c the crushing load of a short block 
(231) of the same sectional area as the column, then the corrected breaking 
be 

General formula for iJie ireaHng weiglU of Cast and Wrought Iron 
Columns. 
Let C = compressive resistance of a short block of the same sectional area. 

?• = -r= length of column divided by the greatest diameter. 

n 
For cast-iron, B. W. 

For wrought iron, B. W. 



•68 + -1 r 
G 



85 + -04 r 
Breaking Weight in tons per square inch of section, 

! 13,500 
'^^*"°"' 330TV=- 
^, . 34,000 
wrought iron, -r-r^ri „• 
* ' 2000 + r^ 

a *• 1, 850 

Square timber, ggoTT^' 

Breaking Weight of timher pillars, taking the strength of a- cube as 



Value of r . 
Breaking weight . 

• Professor Hodgkmson, 



1- 


12 


24 


36 


43 

i 


60 


1 


A 



66 



BISTRIBXITION OP JIAIEBIA.L. 



IJO. LONG SIKDI3 stould te made -with a cross section, whiob will 



Jig. 63. 



O + Hu 



insure a certain amount of rigidity or stif&iess, and 
thus resist the tendency to buckle : or they should 
be braced (either externally or internally), and 
thus divided into a number of shorter lengths, 
each of which (and, therefore, the braced strut as 

a whole) may be considered as suffering crushing alone. 

IJI. Shearing causes, or tends to cause, contiguous sections of the 

material to slide over each Fig. 64,. other (as at A B, sup- 



posing that D E is part of a 
and B C part of the load). 
is directly as the area that 

Area necessary to safely 



A = 




loaded beam, A one support. 
The resistance to shearing 
would be sheared. 

resist a shearing strain, 



WS 



Shearing strains will be found to act on the vertical web * of continuous 
webbed girders, and in joints generally, which see. 

For Bending, bending iniermties, and the resistance of materials to 
them, see 1, and 191 et seq. 

1T2. Coefflclenta of Safety are numbers representing the proportions of 
the ultimate strength of materials to the strains that can safely be brought 
upon them. CoefScients of safety may be variously estimated. The fol- 
lowing may, however, be taken as a fair average of the factors at present in 
use where the materials employed and the workmanship are ordinarily 
good. 

Metals. Timber. Masonry. 

For a dead load . . 3 4 to 5 i 

ForaUveload . . 5 8 to 10 8 

Under dead load may be included all permanent or stationary loads, 
and loads very gradually applied. 

Under live load, all rapidly moving, and suddenly applied loads. 



Ultimate resistance 



= Working strain. 



Coefficient of safety 

173. The HodnJns of Elasticity (E) (in pounds per square inch as 
given in «31) is the weight (in pounds) required to elongate or shorten, by 
an amount equal to its original length, a bar of material (of one square 
inch of cross-section), and is on the supposition that the elasticity of the 
material would remain constant throughout the operation. 



strain (in lbs.) p er sq. inch on a bar 
Mod. of elas. (inlt)s.)persq, incli 



Increase or dlmlnntion of length 
Original length of the bar 



Joims. 
1J4. Joimts should always he as strong as the parts they serve to join. 



• In tho paragraphs 62 and 74, the flanges have not been supposed to take 
part in resisting the shearing forces (so called from the shearing strains above), 
any more than the web in taking its share of the horizontal strains. (66. ) 



IRON JOINTS AND FASTENINGS. 
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ITS. The various parts of a joint, and the several parts i 
should ie of tmiform strengths 



IKON JOINTS AND fASTENINQS. 

116. Rivets may fail in several different ways, depending on their 
office in a joint. The head may be shorn off (as at C D, 
E F) ; or the rivet may be ruptured at any section (as 
A B) when the rivet is in tension. 

Let S = the tensional strain ; then d (diam. of rivet) 



Fig. 65. 



should not be less than 



/ S X 
VUx- 



Co 



7854 



I U being the 




ultimate resistance of the material to tension (831) ; and D or E F should 

not be less than ^ „ . .^- , (172), TJ being here the ultimate resistance 

to shearing (231). 
When the r ivet has to r esist a shearing strain (S) at AB, d must not be 

less than a/ =-^ — , U being the ultimate shearing resistance. 

General Rule. — The height of the head (Ji) should never he less than 
half the diameter of the rivet. 

177. Bolts. — The diameter of a bolt liable to shearing at the spindle 
(as at A B, fig. 65) must be determined from (17«). 

If the bolt be in tension it will fail either — 1st, by shearing off the 
thread ; 2nd, or by shearing off the head ; 3rd, or by tensional rupture of 
the spindle. For a perfect thread the height of the nut and of the head 
should be equal : but to allow for inaccuracies of workmanship, the height 
of the nut should be about twice that of the head. The height of the 
nut should not be less than the diameter of the spindle ; in practice it 
is frequently made much more than this. 

178. The diameter of a nut or head of a holt, or of the head of a rivet, 
should he not much less than twice that of the spindle. 



Fig. 66. 



179. Pin Joints In Tension Bars. — (Such as in some suspension 
chains, triangular girders, and trusses). 

Pin. — Let n — the least number of sections at 
which the pin must be divided before the joint 
can feil (4 in fig. 66), a = sectional area of 
pin, and S the tension on the joint, then 

°~ (Uit-'abe^-'x'/^ ' The coefficient (172) Should be 
large, as any inaccuTacies in the workmanship will 
tend to concentrate the strain in certain parte. 

Link. — The section of any link-head taken 
through the centre of the pin-hole (A B) should 

equal about half as much again as that taken through tha body of the link 
(as C D), in consequence of the inequality in the distribution of the strain. 
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Let I = the length of overlap, E F or G H (fig. 66) ; t= thickness of 
all the OTerlaps, in one series, taken together (2 or 3, fig. 66), then 



1 = 



3 X Co 
2 X U X «' 



where S is the strain on the joint, and D the ultimate resietance to 
shearing. 
General JRvle. — Diameter of pin may be | of the -width of the links. 

Riveted Joimts in Tension, 

ISO. The Effective or AvallaMe Section of a plate with rivet holes 
in it depends upon the disposition of the 
Kr- 6i'. rivets. Thus, in fig. 67, the least section 

of plate that could be taken is that at 
A A. But before the joint can fail here 
by the rupture of (say) the upper plate 
at A A, the three rivets marked a a a 
must be shorn. And it will be found that 
in a joint arranged in this way, the effective 
section will be equal to that taken through 
the first rivet, or line of rivets, as at BB. 




181. TIte sectional area of aU the rivets in a joint taken together should 
ie equal to the effective section of the plate. 

The distance between the centres of rivets which stand in a line (perpen- 
dicular to the tension on the joint) should be made = d + -(■7854(i'»), 



in which n is the number of lines of rivets as above (5 in i 
thickness of the plate ; and d diameter of rivets. 



67) ; t, the 



Fig. 68. 



183. Kap Joints may fail, — 1st, from the tensional rupture of the 
effective section (ISO) of the plate ; 2nd, by the 
shearing of the rivets ; 3rd, by the shearing out 
of the overlaps (AAA A, fig. 68). The strain 

on each rivet — jj^^f^ff and they have each to 

be shorn at one section only (179). The distance 
between the lines of rivets (ISI), (of which there 
are 3 in fig. 68) must not be less than the over- 
lap required for the rivets in the first row (as at 
A). The latter may be determined from the 
following equation, 




I = 



S X Co 
2 »<U' 



in which S = tension on the whole joint ; n, total number of rivets ; t, 
thickness of plate ; IJ, ultimate resistance of the plate to shearing ; Co, a 
suitable coefiiclent of safety (172). 



PLATE II. 




JOINTS IK IIUBEB SIKnCIUllIiS. 
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183. Vlsb Joints. — ^Where only one cover or fish-plate is used (as ia 
fig. 69), the case is viitually identical with two 

successive lap-joints, and can he calculated as I'ig. 69. 

such (182). Where two cover-plates are em- 
ployed, it is to he home in mind, that before the 
joint can fail, each rivet must be shorn at two 
sections, so that the section of each need be hut 
half that necessary with a single dbver-plate (164). The thickness of each 
cover-plate must never he less than half that of the main plates. 

Riveted Joi/nte in Compression. 

184. In lap-jolnts the effective sectional area of the plate is equal 
to the loss of section by rivet-holes, not countiDg 

those which are behind any others in the I'JB. '0. 

direction of the pressure. Thus, in fig. 70, the 
effective bearing section of the plate is that from 
A to B. 

For the shearing strain (ijl) on each rivet 
(176), divide the strain on the joint by the total 
number of rivets. A rather large coefficient of 
safety (ITS) should be used, as inaccuracies of 
workmanship will materially concentrate the 
strain at certain points. 

185. Butt Joints (same as fish-joints in tension) may be considered as 
having an effective section equal to the total section of the plate ; for if the 
rivets fill the holes as they should, there is hardly any loss of strength 
from them. 

The cover-plates are required simply to keep the main plates in their 
proper positions. 

186. Joints formed by gilbs and cotters may be calculated from 1T9. 
It ia advisable that the obliquity of the surfaces to the direction of the 
strain should not exceed 4° or 5°. 

A few cast and wrought iron joints are given in Plate II. 

JOINTS IN TIMBER STKUOTURES. 

187. A form of joint having been determined, the parts at which it ia 
liable to fail must be traced out, and sufficient strength be given to them, 
using (105—171), and particularly observing (161). 




-Fished and scarfed joints. Figs. 71, 72 re- 
Fig. 71. 



188. Joints In Tension. 

pesent forms offish-joints. 
In fig. 71 the tension 
may cause rupture at A B, 
or C D ; or at E F and 
GH. (5oiA of the latter 
must fail before the joint 
gives way by the rupture 
of the fish-pieces.) And 
further, the joint may fail 
by the shearing off of Q P 
andRG; orof FSandGT; orofKQandLM; orof SNandOP. The 
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above is dUregaiding the shearing resistances of the four bolts shown in fig. 

71, which must be taken into accovint 
Pig. 72. in a somewhat similar way. 

Fig. 72 represents a joint fished with 
iron plates, and also "scarfed." Fig. 
73 shows another form of scarfing. 

189.' jroints In Compression. — 

Surfaces abutting against each other 
should be as nearly as possible per- 
pendicular to the direction of the 
thrust. Where convenient, fish pieces 
may be used to retain the main- 
pieces in their proper position; or 

the latter may abut into cast-iron sockets suitably designed. 

On Plate II. are given several forms of joints for timber structures, which 

can profess only to be suggestive. 

190. glionldci'ed Tenon for attaching Cross to Alain Beams.. — 




Fig. 74. 



m^ 



The weight on the end of the cross beam AB is borne 
by the shoulder 0, which is let into the main beam for a 
distance equal to about one-sixth of the depth of the 
former. The length of the tenon, D, is about twice its 
depth. 



BEAMS OF VAKIOrrS SKOTIONS. 

191. For those beams, girders, and other similar structures, in which 
certain parts are supposed to resist certain definite strains (618), and other 
parts, other strains (for instance, flanged girders with thin continuous webs, 
all open- webbed girders, trusses, &c.) see fiS to 168. A mode of pro- 
cedure is there adopted which would not be thoroughly applicable to 
those beams in which every fibre or particle is considered to take part in 
resisting the bending action of the moment of rupture (1), and where the 
■whole section is liable to the action of the shearing force (1). 

In Designing a Beam — 

198. Determine the nature of its cross section. 

If the exact proportions of the section are to be adhered to, 
and the area alone required, — express all the dimensions of 
the section in terms of one of them, that there may be but 
one unknown quantity. 

Thus— suppose a beam to support a gfiven load is to be rectan- 
gular, with the depth twice the breadth ,then let 6 = breadth, 
and ih = depth. 

If all the dimensions of the section, except one, be given, that 

one will of course be the unknown quantity. Then, — 

193. Substitute for M, in the equations given hereafter, its value as 

found from the span, manner of loading and supporting, &c., pp. 2 to 15. 

The dimension, or dimensions, required may then be obtained. Lastly, 
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194. If at any vertical section, there te not sufficient material to resist 
the shearing force (1, 34, et seq. and 171), the necessary addition must be 
made to the section. 

This will seldom be required at other places than near the supports in dis- 
continuous beams, and near the points of contrary flexure (23) in continuous 
beams. 

195. The weight of the learn itself must always* be added to the 
extraneous load upon it ; and may be approximately estimated by a pro- 
cess similar to that in 60. 



196. The SiABiLiir of a Loaded Beam depends on the equation 

M = R. (1.) 

197. Abbreviations — 

Let M = moment of rupture (l, a), the values of which may be de- 
termined from the several oases 7 to 33. 

1 

R = — = moment of resistance (l) of the section. 

I = moment of inertia of the section. 

t = distance of the neutral axis (198) from the farthest edge of 

the section. 
a = total area of the section. 
C = modulus of rupture (SOS). 

198. The Neutral Axis (N — A in the sections, figs. 82 — 84) is a 
section of the neutral surface, — a layer in the beam (and the only one) 
which is neither extended nor shortened by the action of the load (4). 

199. Provided that the limits of elasticity of the material of the beam 
he not exceeded, the neutral aids will pass through the centre of gravity of 
the section (ago). 

200. There must be but one lineal unit used in obtaining the values of 
M, R, I, ^ ; and the superficial unit used for a must correspond to that 
lineal unit. 

201. The section at which R and I (197) are taken may be made 
parallel to the reaction of the supports of the beam, f 



Fig. 75. 




202. Wherever either the upper or lower surface 
of the beam is not perpendicular to the action 
of the load, then must be modified to (C cos.^ d), 
8 being the inclination of the most inclined surface 
to that perpendicular. 



* Except in small girders, or beams of minor importance. 

t The section at which the moments of resistance should really be taken is a 
curved surface cutting the upper and lower edges of the beam, and the neutral 
surface all at lif^ht angles, whatever be the form of the beam ; and the moment of 
rupture to be equated with it should be taken at the intersection of this curved 
surface with the neutral surface of the beam. 
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803. Slodulns of Rupture.— The Ucoretkal value of C is the resistance of tha 
material to direct compression or tension. But it is found &om experiments on 
cross breaking tiiab this value is not sufficiently high. Amongst the reasons that 
have been assigned for this, are— 1st, that in addition to the resistances of -the 
particles of the beam to a direct strain, Uiere is another resistance arising from 
the lateral adhesion of the fibres to each other, termed the " Resistance of 
Flexure." (See Barlow on the "Strength of Materials," 6th edition.*) And 
2nd, that in most metallic beams (especially when cast) the outer skin, which is 
strained more than any other part of the section, is very much stronger (from 
many well-known causes) than the average section ; whereas if the direct tensile 
or compressive resistance of the some beam, in the direction of its length, were 
being experimentally ascertained, it would be the average section at least, and 
perhaps the centre (weaker) portion especially, from which the strength would be 
determined. However, there is evidently a necessity to employ a higher value 
than that for the direct resistance ; and Professor Bankine has adopted a modulus 
of rupture which is 18 times the load required to break a bar of 1 sq. inch section, 
£apported on two points one foot apart, and loaded in the middle between th& 
euppcrts (1SSJL). 



MOUEKIS OF InESIIA AND RESISTANCE OF BEAMS OF VARIOUS SeOTIOHS. 

%04. Beitm of a solid rectangular section. 
Fig. 76. 

12 " 12 ■ 
Gbd^ Cad 






I = 

R = 



6 



:M. 



20S. Beam of a hollow rectangular sectioD. 

Fig. 77. 

I = 



Id^— 


b'd'3 


12 




C(5d3 


-h'd'3) 



6d 



20C. Beam of a solid circular section. 
Fig. 78. 




I = -7854 r* 



K = C -7854 »-3 = ^ = M. 
4 



• Edited by W. Humber, London : Lockwood & Co. 
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207. Beam of a hollow circular section. 



I = -7854 {r* - r'*). 
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Kg. 79. 




208. Beam of a solid elliptical section. 

I = -7854 5 dK 

E = -7854 C 5 (P = M. 



Fig. so. 




209. Beam of a hollow elliptical section. 



I = -7854 (5 ds - 6' d'^). 

R = 5_ i = Ji. 

a 



rig. 81. 




210. Beam with one flange. 



I = i { 6 eP + J'ee'3 _ (6'_ 5) d"» ]• 



t 



Fig. 62. 




64 BEAMS OF TAKIOITS SEOTIONS. 

SlI. Beam with two equal flanges. 
Fig. 83. 




I = 



K = 



12 
6d 



812. Eeam with two unequal flanges. 
Pig. 84. 




I = I [l 6? - (I - Tc) (d - c)^ -Y h d- 
(V—h) id' -&)^}- 



t 



213, To find the Bloments of Inertia and Resistance of any 
Cross Section made up of a number of simple figures. 

Find the moment of inertia of each of the simple figures about an axis 
traversing its centre of gravity parallel to the neutral axis of the complex 
figure. 

Multiply the area of each of the simple figures by the square of the 
distance between its centre of gravity and the neutral axis of the whole 
figure. 

Add all the results together for the moment of inertia of the whole 
figure. 

Let Ii = moment of inertia of one of the simple figures about its own 
neutral axis ; A its area ; v the distance from its centre of gravity to 
that of the whole section (880) ; and I, moment of inertia of the whole 
lection ; then, 



I = (Ii + v^ A) + &c. 



Moment of resistance, E : 



CJ 
t 



(19T.) 



814. Moments of Inertia and Resistance, Ultimate Strengrth, 
and Deflections of Similar Beams. 

Moments of inertia \ - gj—jior ( ^^^ ^^^ power ^ 

Moments of resistance f „.„t:n„g J tte 3rd power ( of their linear 

Strengths { ] the 2nd power f dimensions. 



Deflections 



vary as i ""='"- i-""" i 
' ^ the 1st power ; 



PRIBMillO BEAMS OF UNIPOBH STEENOTH. 
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Beaus of Eeotanqular Seotioh and of Uhiform Sieekqth (165). 
Blevationt <if Beams of Comtant Breadth, and Plane of Beams of eonrtont Bt^tK 

Kg. 85.— Elevation. 



215. A semi- 
beam (7) loaded 
■with a concentrated 
weight at its ex- 
tremity. 



216. Semi-beam 
(9) loaded uni- 
formly over its en- 
tire length. 



217. Beam sup- 
ported at both 
«nds, loaded at any 
point (13) with 
a concentrated 
weight. 



' A B, a parabola, with 
its vertex at B. 



^ A triangle. 



A B, a straight line. 



A B and G B, a pair 
of parabolas, with 
their apices at B. 



A C and B C, pair of 
parabolas, with 
their vertices at 
A and B respec- 
tively.* 



A G D, B C D, a 

pair of triangles, 
having a common 
base, CD.* 




218. Beam sup- 
ported at both ends, 
loaded uniformly . 
(19) over its en 
tire length. 



'A semi-ellipse, AB 
major axis.* 



ACB, ADB,pairof 
parabolas, having 
their vertices at 
mid-span.* 



Fig. 90.— Plan. 



Fig. 91.— Elevation. 




• The additional material ''otted in at the supports is necessary to resist tlia 
shearing force (194). 
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SEFLEOTIOir. 



919. How to cnt the, (1,) Stroneegt and, (2,) StUTest Rcctanenlaa 
Beam from a Cylindrieal Koe* 

Let the aiicoiiipanying figs. 93, 94 represent Eections of the log. 
Fig. 93. Fig. 94. 





Strongest. 



Stiffest. 



Draw a diameter. For the beam whose ultimate strength will be the 
greatest, trisect the diameter. For the beam which will deflect the least, 
divide the diameter into four equal parts. 

Draw perpendiculars to the diameter as shown, and their intersection 
with the circumference will determine the inscribed rectangle, which is 
kihe section of the required beam. 

S20. To find the Centre of Gravity (109) of any Section. 

Let a, a', a", &c., represent the sectional area of the several elemen- 
tary parts into which the section may be decomposed ; g, g', g^', &c., the 
known distances of their respective centres of gravity from any fixed axis — 
say the lower edge of the beam — and S, the distance from the latter to 
the centre of gravity of the total section ; then, 

a g + a' g' + a" cf' + &o. 
a + a' + a" + &c. 



s = : 



DEFLECTION. 



231. Deflection is the " displaoement of any point of a loaded beam 
from its position when the beam is unloaded." 

822. Camber is an upward curvature, similar and equal to the maxi- 
mum calculated deflection, given to a beam or girder or some line in it, in 
order to ensure its horizontality when fully loaded. 

GIBDERS WHOSE 0BO9S SECTIONS ABE UHIFOBM ADD EQITAIi 
THBOUOHOUI IHEIB LENGTHS. 

233. The maximum deflections for several cases are given with the 
moments of rupture (I to 35), by the values for Def. 



FLAKSED QIBCEBS 07 UNIFOBM STBENGTH. 

834. Girder mpported at both ends. 

Let D = central deflection. 
d = central depth. 
I = length of span. 

K = sum of the extension of one flange or boom, and the short* 
ening of the other by the strains upon them. 
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ThenD = -. 

K may be found as follows : Let S = strain in lbs. per sq. in. on either 
boom when the load producing the deflection is on the beam ; K = modulus 

'i i "pT ) = length 

of boom after the strain is on ; and if H correspond similarly for the other 
bcom. then k + K = K. If the booms be of equal length and section, 
then K = (2 Tc). 

225. Semi-elrder. 

Let d = depth at support ; the other notations as before. 
The deflection at the unsupported extremity, — 

, 2d 

326. Continnons Girders, and Girders Sxed at One or Both Ends 

<24— S3). 

When any whole span is analysed it will be seen (34 to 30) that it is equivalent 
to a whole girder supported at lie ends, and one or two semi-girders, as the case 
may be. To these the abqve, formulae 

(823—5) may be applied, and the maxi- Fig. 95. 

mum deflection obtained. Thus — 

For a girder (as A B) fixed at both 
ends (24—26), the deflection of the 
semi-beams A and D £ at C and D (11 
or 225), added to the deflection of C D 
below its ends, as obtained from (12, 
19, or 224), will be the total maximum deflection of E below A. B. 

Again, for continuous girders with moving loads (3(8, 33), the maximum 
deflection at the middle of a span (B C, fig. 25) will occur simtdtaneoushf 
with the maximum positive moment of rupture {M„ page 14), at which time 
the points of contrary flexure will be at M, Mj (fig. 25), whose positions 
may be determined either from the diagram, or formulae. In the outer 
spans of continuous girders, and in girders fixed at one end and swpported 
■only at the other, the deflection at the middle of the part corresponding to 
a whole girder simply supported (see 28, 29), may be found by adding the 
central deflection of the latter as such (19, 224) to half the deflection of 
the remaining (semi-btam) portion (11 or 225). 




BREAKING AND SAFE LOADS FOR BRIDGES, GIRDERS, ETC. 

227. In the whole of the foregoing pages it is supposed that the span, 
load, and other data as far as necessary are given, in order to find- the 
resulting strains, and the quantity of material to resist them. 

228. To find the load (breaking or safe) when the Quantity of 
Material, Span, &c., are eiven, is simply an inversion of the former 
calculations. 

For sectional area of material, substitute an equivalent strain, breaking 
or safe according as breaking or safe load is required. 
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BBEAKINa AND SAFE LOADS. 



Then ascertain (he load that laould produce that strain, and that trill 
1)6 the load required. 

Remtmlering that if the stimcture be not of uniform strength, the 
strength of the weaTceat pa/rt determines the strength of the whole (164). 

289. ExAUTLS I.— What load, at the centre of a •wrought-iron, Bingle-webbeS 
or plate fi;iTder of uniform strength (165), and of the following dimensions, woma 
cause the rupture of the girder,— Length of span, 20 ft, ; central depth (67, T5), 
I'S ft. ; effeotive section (180) of the lower flange at the centre, 4 sq. in. i u^on or 
average quality (%31). 

As the girder is of uniform strength, it matters not what part is conaiderea, tor 
the same result would be obtained. 
Lower flange will be in tension (65 — 1). 

Ultimate strength of average wrought iron plate (SSI), 65,000 lbs. per sq. in. 
sq. in. lbs. lbs. 

4 X 65,000 = 220,000 = breaking strength of lower flange. 

W ! W X 20 

Then from (13 and 67) strain on lower flange = — = 220,000 lb. = - ^ y^ 

Therefore W = ?20^000^x^Jo<J;6 _ ^^^^ ^^^ _ ^^.^ ^^^ 

230. ExAMFLB II.— Required the greatest safe (172) load uniformly distributed 
on a rectangular beam of British oak projecting from a wall. 

Length of beam = eft. = 72 in. . . . (200.) 
Breadth ,, = 6 in. 
Depth „ =9 in. 

Taking coef. (172) as 5; 0(203) as 10,000. . . . (231.) 
(1, 196.) 
Gad 



M = 



M = E. 
. (9) 



E = - 



=:(»i)3f 

36 (w = 



162,000. 
4,600 lbs. 



6 X Co 
^ 10,000 X 64 X 9 

6X5 
= 162,000 



. (204.) 



: 2 tons. 



231. Table op the Sikenqth, &o., op Materials in Pounds Avoikiitpois 

PER SftDARE IhOH OP SeOTION. 



Materials. 


Ultimate Hesiatance to 


Hlodnhts of 
JSlasticitij. 


Weight of 
a Oubic 
Toot 
in Ihs.* 


Tension. 


Compres- 
sion. 


Shearing. 


Cross 
Srsaliing. 
Modulus of 
Uupture. 


Metaib : 


18,000 

49,000 
60,000 1 
36,000 (■ 

40,000 
16,000 


10,300 

110,000 
110,000 


27,700 


40,000 


9,000,000 

14,230,000 
17,000,000 

18,000,000 


I 487 

i to 

I 524-4 

683 

(549 

1666 

4U 




Copper, Rolled 

„ Bolts 

Iron, Cast 
„ American best 
„ „ average 



* The specific gravities may be readily found when it is known that a cubic foot 
of water weighs 62*5 lbs. 



SlnENaiE, &C., OF MATERIALS. 
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Table of the Stsbnoth, etc., of Materials — continued. 





TTltimate Jtesistanee to 




1 

Weight oj 
a eubic 


MateriaU. 








Cross 


llodiihis 0} 




Tenaion. 


Compres- 
sion, 


Sfiearinff. 


Breaking, 
Modulus of 
Rupture , 


Elasticity. 


Foot 
tnlbs. 


Mbiam :—cont. 














[ron. Wrought . . 
.. .. Bar 


C 61,000 

< to 












( 72,000 












» » t> average 


65,000 
( 41,000 


100,000» 
36,000 


60,000 


42V6oO') 


29,000,000 


480 


„ „ Plates .... 


i to 
( 71,000 


to 

40,000 




... } 


26,000,000 




„ „ „ average 


58,000 












„ „ Joints — 














single riveted . 


40,000 












double riveted t 


52,000 












„ „ Wire 


84,000 > 
88,000 f 








15,000,000 




„ „ „ Cables .. 














C 17,000 1 

\ to 5- 










( 487 


SteelBars 


160,00(1 








\ to 




(.134,000) 




120,000 




30,000,000 


( 493 


„ „ average .. 


9S,000 












„ Plates 


80,000 












TlMBEB : 








( 12,0001 






\sli, , 


16,600 

11,600 

15,000 
20,000 


9,000 

9,000 
6 500 


1,400 


to J" 


1,600,000 

1,350,000 

1,500,000 
2,000,000 


47 

43 

44-4 
60 


Beech 


1 14,000 ) 

1 9,000) 

to >■ 


Birch 




\ 12,000 j 
11,700 


Box .. 


I'SOi'O 




Cedar 


11,400 


6 800 




7^400 
(■ 6,0001 


486,000 


30-4 








... 


Elm 


12,000 


10,000 


1,400 
(■ 600 


•( to [• 


1,000,000 
700,0C0 


34 
30 






( 9,700 j 
6,000 


Fir 


12,000 


6,500 


i to 


to 


to 


to 






I 1,500 


10,000 


2,000.000 


44 




(• 8,0001 






f 7,6001 




( 35 


Mahogany 


1 to [ 
( 20,000} 


8,000 




(.11,500) 


1,600,000 


\ to 
I 53 




( 10,000 S 






f 10,000 


900,000 


43 


Oak, EngUsh .... 


] to [ 


lO.COO 


2,300 


■{ to 


to 


to 




(. 18,000 j 






i 13,600 


1,700,000 


62 


„ American .. 


12,000 
(• 10,000 ■) 


6,000 


... 


10,600 
(■ 12,0001 


2,000,000 


64 
( 41 


Teak 


J to 


12,000 




■1 to !■ 


2,300,000 


\ to 
61 




[ 15,000, 




1. 19,000 ) 


BiupBir Cables 


6,000 













* It is difficult to estimate the compressive resistance of short blocks of wrought 
iron, as the material bulges very much under pressure. 

+ One and two rows of rivets (181). Joints of ec|ual section to the plates taken 
through the line of rivets. — From numerous experiments by W. Fairbaim. 
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Table op the Strekgih, etc., op Materials— continued. 



UateruOt. 


mtimtOe Itaittana to 


ModtUat i/ 
HUMieits. 


Velght 

o/Otbie 

Foot 

ill Ibe. 


Tefuion, 


Compret- 
tioil. 


Shearing. 


Breaking. 
Modutueof 
Jiupture. 


SlOHBS, Cemehi, 

ETC.: 
Brick, Fire 

„ Strong Bed 
„ Weak Bed 
Chalk 


( 278 ) 
i to ■ 
I 300 ) 

50 


1,700 
1,100 

(. 800) 
400 

11,000 

4,600 

( 2,000 
i to 
(. 6,600 




1,100 1 

to \ 

2,360 ) 


2,500,000 


( 126 

\ to 
I 135 

f 117 
i to 
1 174 
( 164 
i to 
(. 172 
110 
f 170 
i to 
(. 180 
( 130 
\ to 
( 167 


Granite 


Mortax, ord 

LimestoBe 

Sandstone 



239. VAKIOnS METHODS OF DRAWING PARABOLAS, THE BaSE AND HeIGHI 
BEDtO GIVEN.* 

I. (Plate III., fig. 1.) Bt ORDINATES OK OFFSETS FROM A TANGENT (E D) 
TO THE PARABOLA AT ITS VERTEX (B). 

Through D draw D E parallel and equal to A C. The ordinates or 
offsets from any points in B E to the parabola will be proportional to the 
squares of the distances of those points &om B. Thus, if the ordinate at a 
be 1, then the ordinate at b, twice the distance of a from B, must be 4 ; 
that at c, three times the distance, must be 9 ; and so on. To proceed 
practically : Divide E B into a number of equal parts {n) as at a, b, c, &&, 
fig. 1 ; then if E A be divided into (n^) parts, each of these parts viH be 
the required unit, 1 of which is the offset at a, 4 at &, 9 at c, and so en. 
Through the points a' V d, &e., thus determined, the required curve can 
bo drawn. 

II. (Plate III., fig. 2.) Br ordinates from the base. 

Bivlde the base (half of which is represented by A C) into an even 
number of equal parts ; then if the height or ordinate at centre B C corre- 
spond to the square of half the number of those parts (8x8 = 64), the 



* The terms height (or ordinate at centre) and base have been used 
instead of abscissa for the former, and double-ordinate for the latter, that the 
parabola might appear in a more simple light than perhaps it otherwise wonid 
have done. Any height can be adopted for the parabola; convenience for 
scaling off the moments (5), &c., being alone studied. 



PLATE III. 



CONSTRUCTION OF PARABOLAS. 


Fig-.l. 
If ff f e d c 6 a 


D 


Fig-. 2. 

D 

/ U M i 

/I ? ] ' i j 

/ ^ j 1 i 1 I ] 

/ 75 id IJ 13 /^ '0 ^ S 
/2 2 3|5 6'7S 


' \ i \ /i' 

^ 1 / 

1 '; '/f 




A 


C 


A ' d C 


Fig'. 3. 

1 -1'' V'/ '.' ,<' 1 ' 1 

f^X' 'y'/y' i i 
A'' /'''' '\ '•'•'' \ 
gr7\ 1 




"c 


Fig-. 4. 

•,E 


tK Jf J- e d C d a 


A C B 


Fig-.5. 
c ^ 


c 

3 


Fig.6. 

To draw u Tanqent 
fn r/ Prjrf/f)n7fr nt 


1 


H' \ 


, H 


OtJ CC J_ Cf t ttQ/l/CCL UC 


i. 1 


" \ E, 




D 
K 

C 


any aivenpoint / 

?/- 


D 
C 


A M 


1 
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ordinate at any other point (d for instance) will be represented ty tbe 
product of the uumhers of parts in the two segments into which d divides 
the base (4 x 12 = 48). The parabola may then be drawn through the 
extremities of the ordinates. 

III. (Plate III., fig. 3.) By the oonstbtiotion op a diaokam. 
Draw D E parallel and equal to A C ; divide D E and E A similarly ; 

the end E of E A corresponding to the end D of E D. Through a, b, &c., 
in E D, draw a a, bb, &o., parallel to D C. Join D to the several points 
a' b', &e., in E A. The parabola will pass through the intersection of a a 
with Da'.bb with D b', &c. 

Note. If this mode of construction be adopted when the ordinates are 
required at certain points only (and this will generally be the case iu 
practice), the actual curve need not be drawn, after the points it passes 
throvgh have been determined. 

IV. (Plate III., fig. 4.) Br the oonstk0otioh of a biaqkam. 

On the base A B describe an isosceles triangle, whose height C E is 
double that of the required parabola. Divide the two sides A E, E B of 
the triangle into an even number of equal parts, and draw lines as in the 
figure. These lines will be tangents to the parabola, which may there&re 
be readily drawn. 

v. (Plate III., fig. 5.) Br meahs of a stkiho. 

Draw E D equal and parallel to A C. Join to F at the bisection of 
E D. Make F (} a right angle. Let F 3- intersect the production of 
C D. Make D K *= D G, parallel to F D ; H H is a " straight-edge," 
against which slides the " set-square " S. A piece of thread or fine string 
equal in length to the distance A K is fixed, one end at E and the other 
at the point M, in the set square which will traverse the base A C as 
the set square slides along. A pencil, P, by which the string is kept 
tight, and close to the edge of the set square, will describe a true 
parabola. 

To DRAW A TAKOINT TO A PAKABOLA AT ANT POINT P. (Plate III., fig. 6.) 

Draw P perpendicular to the axis E 0, Make D £ = D 0. Join 
E to F, and F E will be the required tangent. 

* K ia the " focus " of the parabola. G & tbe directrix. 
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liotikSide. — Map showing Interception 
of Sewers ; Middle Level Sewer (2 plates^ ; 
Outfall Sewer, Bridge over River Lea (3 

Elates); Outfall Sewer, Bridge over Marsh 
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and. Outlet; Outfall Sewer, Penstocks. 
South 5'iirfl?.— Outfall Sewer, Bermondsey 



Branch (2 plates); Outfall Sewer, Reser- 
voir and Outlet (4 plates) ; Outfall Sewer, 
Filth Hoist; Sections of Sewers (North 
and South Sides). 

Thames Embankment. — Section of 
River Wall ; Steamboat Pier, Westminster 
(2 plates) ; Landing Stairs between Cha- 
ring Cross and Waterloo Bridges ; York 
Gate (2 plates) ; Overflow and Outlet at 
Savoy Street Sewer (3 plates) ; Steamboat 
Pier, Waterloo Bridge (3 plates); Junc: 
tton of Sewers, Plans and Sections ; Gullies, 
Plans and Sections ; Rolling Stock ; Gra- 
nite and Iron Forts. 



HUMBER'S RECORD OF MODERN ENGINEERING. Fourth 
Series, Imp. 4to, with 36 Double Plates, Portrait of John Fowler, 
Esq., late Pres. Inst. C.E., and descriptive letterpress, Specifica- 
tions, &c. 3/. 3^-. half morocco. 

List of the Plates and Diagrams. 



Abbey Mills Pumping Station, Main 
Drainage, Metropolis (4 plates) ; Barrow 
Docks {5 plates) ; Manquis Viaduct, San- 
tiago and Valparaiso Railway (2 plates) ; 
Adam's Locomotive, St. Helen's Canal 
Railway (2 plates) ; Cannon Street Station 
Roof, Channg Cross Railway (3 plates) ; 
^oad Bridge over the River Moka (2 
^la1;es)'. Telegraphic Apparatus for Meso- 



otamia ; Viaduct over the River Wye, 
Midland Railway (3 plates); St. German's 
Viaduct, Cornwall Railway (2 plates) ; 
Wrought-Iron Cylinder for Diving Bell ; 
Millwall Docks (6 plates) ; Milroy'sPatent 
Excavator, Metropolitan District Railway 
(6 plates); Harbours, Ports, and Break- 
waters (3 plates). 
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Strains, Formula & Diagrams for Calculation of. 

A HANDY BOOK for the CALCULATION of STRAINS 
in GIRDERS and SIMILAR STRUCTURES, and their 
STRENGTH ; consisting of FormulEe and Corresponding Diagrams, 
with numerous Details for Practical Application, &c. By William 
HUMBER, A.-M. Inst. C.E., &c. Third Edition. With nearly 
lOo Woodcuts and 3 Plates, Crown 8vo, "js. (sd. cloth. 
"The system of employing diagrams as a substitute for complex computations 

IS one justly coming into great favour, and in that respect Mr. Humber's volume is 

fully up to the times." — Engineering, 

Strains. 

THE STRAINS ON STRUCTURES OF IRONWORK; 

with Practical Remarks on Iron Construction. By F. W. Sheilds, 

M. Inst. C.E. Second Edition, with 5 Plates. Royal 8vo, S'f- 9'oth. 

"The student cannot find a better book on this subject thanMr. Sheilds'.'* — Engineer, 

Barlow on the Strength of Materials, enlarged. 

A TREATISE ON THE STRENGTH OF MATERIALS, 
with Rules for application in Architecture, the Construction of 
Suspension Bridges, Railways, &c. ; and an Appendix on the 
Power of Locomotive Engines, and the effect of Inclined Planes 
and Gradients. By Peter Barlow, F.R.S. A New Edition, 
revised by his Sons, P. W. Barlow, F.R.S., and W. H. Barlow, 
F.R.S. Edited by W. Humber, A-M. Inst. C.E. 8vo, i8j. cloth. 
" The standard treatise upon this particular subject." — Engineer, 

Strength of Cast Iron, &c. 

A PRACTICAL ESSAY on the STRENGTH of CAST IRON 
and OTHER METALS. By T. Tredgolu, C.E. 5th Edition. 
To which are added. Experimental Researches on the S trength, &c. , 
of Cast Iron, by E. Hodgkinson, F.R.S. 8vo, \zs. cloth. 

*,* Hodckinson's Researches, separate, price ds. 

Hydraulics. 

HYDRAULIC TABLES, CO-EFFICIENTS, and FORMULA 
for finding the Discharge of Water from Orifices, Notches, Weirs, 
Pipes, and Rivers. With New Formulas, Tables, and General 
Information on Rain-fall, Catchment-Basins, Drainage, Sewerage, 
Water Supply for Towns and Mill Power. By John Neville, 
Civil Engineer, M.R.I.A. Third Edition, carefully revised, with 
considerable Additions. Numerous Illustrations. Cr. 8vo, 14^. cloth. 

" Undoubtedly an exceedingly useful and elaborate compilation." — Iron. 

" Alike valuable to students and engineers in practice." — Mining journal. 

River Engineering. 

RIVER BARS : Notes on the Causes of their Formation, and on 
their Treatment by 'Induced Tidal Scour,' with a Description of 
the Successful Reduction by this Method of the Bar at Dublin. By 
I. J. Mann, Assistant Engineer to the DubUn Port and Docks 
Board. With Illustrations. Royal 8vo. •]$, 6d. cloth. 

Hydraulics. 

HYDRAULIC MANUAL. Consisting of Working Tables and 
Explanatory Text. Intended as a Guide in Hydraulic Calculations 
and Field Operations. By Lowis D'A. Jackson. Fourth 
Edition, Rewritten and Enlarged. Large Crown 8vo., i6j. cloth. 

[yttsl published. 
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Levelling. • 

A TREATISE on the PRINCIPLES and PRACTICE of 
LEVELLING ; showing its Application to Purposes of Railway 
and Civil Engineering, in the Construction of Roads ; with Mr. 
Telford's Rules for the same. By Frederick W. Simms, 
F.G.S., M. Inst. C.E. Sixth Edition, very carefully revised, vrith 
the ■ addition of Mr. Law's -Practical Examples for Setting out 
Railway Curves, and Mr. Trautwine's Field Practice of Laying 
out Circular Curves. With 7 Plates and numerous Woodcuts. 8vo, 
%s. dd. cloth. *,* Trautwine on Curves, separate, t,s, 

" The text-book on levelling in most of our engineering schools and colleges."— 
Engineer. 

Practical Tunnelling. 

PRACTICAL TUNNELLING : Explaining in detail the Setting 
out of the Works, Shaft-sinking and Heading-Driving, Ranging 
the Lines and Levelling under Ground, Sub-Excavating, Timbering, 
and the Construction of the Brickwork of Tunnels with the amount 
of labour required for, and the Cost of, the various portions of the 
work. By F. W. Simms, M. Inst. C.E. Third Edition, Revised 
and Extended. By D. KiNNEAR CLARK, M.I. C.E. Imp. 8vo, 
with 21 Folding Plates and numerous Wood Engravings, 30J. cloth. 
"It has been regarded from the first as a text-book of the subject. . . . Mr. Clark 
has added immensely to the value of the book." — Engineer. 

Steam. 

STEAM AND THE STEAM ENGINE, Stationary and Port- 
able. Being an Extension of Sewell's Treatise on Steam. By D. 
KlNNEAR Clark, M.I. C.E. Second Edition. l2mo, 4J, cloth. 

Civil and Hydraulic Engineering. 

CIVIL ENGINEERING. B); Henry Law, M. Inst. C.E. 
Including a Treatise on Hydraulic Engineering, by George R. 
BuRNELL, M.I.C.E. Sixth Edition, Revised, with large additions 
on Recent Practice in Civil Engineering, by D. Kinnear'^lark, 
M. Inst. C.E. l2mo, •]$. 6d., doth boards. 

Gas-L ighting. 

COMMON SENSE FOR GAS-USERS : a Catechism of Gas- 
Lighting for Householders, Gasfitters, Millowners, Architects, 
Engineers, &c. By R. Wilson, C.E. 2nd Edition. Cr. 8vo, 2j. 6(/. 

Bridge Construction in Masonry, Timber, & Iron, 

EXAMPLES OF BRIDGE AND VIADUCT CONSTRUC- 
TION IN MASONRY, TIMBER, AND IRON ; consisting of 
46 Plates from the Contract Dravidngs or Admeasurement of select 
Works. By W. Davis Haskoll, C.E. Second Edition, with 
the addition of 554 Estimates, and the Practice of Setting out Works, 
with 6 pages of Diagrams. Imp. 4to, 2,1. \2s. dd. half-morocco. 
" A -ATOrk of the present nature by a man of Mr. Haskell's experience, must prove 
Invaluable. The tables of estimates considerably enhance its value."— .£K^jw«nV(s. 

Earthwork. 

EARTHWORK TABLES, showing the Contents in Cubic Yards 
of Embankments, Cuttings, &c., of Heights or Depths up to an 
average of 80 feet. By Joseph Broadbent, C.E., and Francis 
C-'MflN, C.E. Cr. 8vo, oblong, 5^. cloth. 



PUBLISHED BY CROSBY LOCKWOOD & CO. 5 

Tramways and their Working. 

TRAMWAYS : their CONSTRUCTIOJST and WORKING. 
With Special Reference to the Tramways of the United Kingdom. 
By D. KiNNEAR Clark, M.I.C.E. Supplementary Volume; 
recording the Progress recently made in the Design and Construc- 
tion of Tramways, and in the Means of Locomotion by Mechanical 
Power. With Wood Engravings. 8vo, J2s. cloth. 

Tramways and thei7'- Working. 

TRAMWAYS: their CONSTRUCTION and WORKING. 
By D. KiNNEAR Clark, M. Inst. C. E. With Wood En- 
gravings, and thirteen folding Plates. The Complete Work, in 
z vols., Large Crown 8vo, 30^. cloth. 
" All interested in tramways must refer to it, as all railway engineers have turned 
to the author's work ' Railway Machinery.'" — The Engineer. 

Pioneer Engineering. 

PIONEER ENGINEERING. A Treatise on the Engineering 
Operations connected with the Settlement of Waste Lands in New 
Countries. By Edward Dobson, A.I.C.E. With Plates and 
Wood Engravings. Revised Edition. i2mo, Sj. cloth. 
" A workmanlike production, and one without possession of which no man should 
start to encounter the duties of a pioneer engineer." — Athemeum. 

Steam, Engine. 

TEXT-BOOK ON THE* STEAM ENGINE. By T. M. 
GooDEVE, M.A., Barrister-at-Law, Author of "The Principles 
of Mechanics," "The Elements of Mechanism," &c. Fourth 
Edition. With numerous Illustrations. Crown 8vo, ds. cloth. 
"Mr. Goodeve's text-book is a work of which every young engineer should pos- 
sess himself." — Mining Journal. 

Steam. 

THE SAFE USE OF STEAM : containing Rules for Unpro- 
fessional Steam Users. ,By an Engineer. 4th Edition. Sewed, 6;/. 

" If steam-users would but learn this little book by heart, boiler explosions would 
become sensations by then: rarity." — English Mechanic. 

Mechanical Engineering.. 

DETAILS OF MACHINERY : Comprising Instructions for the 
Execution of various Works in Iron, in the Fitting-Shop, Foundry, 
and Boiler- Yard. Arranged expressly for the use of Draughts- 
men, Students, and Foremen Engineers. By Francis Campin, 
^,C-E. l2mo. 3J. td. cloth. \Just published. 

Mechanical Engineering. 

MECHANICAL ENGINEERING: Comprising Metallurgy, 
Moulding, Casting, Forging, Tools, Workshop Machinery, Manu- 
facture of the Steam Engine, &c. By F. Campin, C.E. 3j. cloth. 

Works of Construction. 

MATERIALS AND CONSTRUCTION : a Theoretical and 
Practical Treatise on the Strains, Designing, and Erection of 
Works of Construction. By F. Campin,C.E. i2mo. 3J-. id. cl. brds. 

Iron Bridges, Girders, Roofs, &c. 

A TREATISE ON THE APPLICATION OF IRON 
TO THE CONSTRUCTION OF BRIDGES, GIRDERS, 
ROOFS, AND OTHER WORKS. By F. Campin, C.E. i2mo,3j-. 
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Boiler Construction. 

THE MECHANICAL ENGINEER'S OFFICE BOOK : 
Boiler Construction. By Nelson Foley, CardifF, lale Assistant 
Manager Palmer's Engine Works, Jarrow. With 29 full-page 
Lithographic Diagrams. Folio 21s. half-bound. 

Oblique Arches. 

A PRACTICAL TREATISE ON THE CONSTRUCTION of 
OBLIQUE ARCHES. By John Hart. 3rd Ed. Imp. 8vo, Sx.clotL 

Oblique Bridges. 

A PRACTICAL and THEORETICAL ESSAY on OBLIQUE 
BRIDGES, with 13 large Plates. By the late Geo. Watson 
Buck, M. I. C. E. Third Edition, revised by his Son, J. H. Watson 
Buck, M.I.C.E. ; and with the addition of Description to Dia- 
grams for Facilitating the Construction of Oblique Bridges, by 
W. H. Barlow, M. I. C.E. Royal 8vo, 12s. cloth. 

" The standard text book for all engineers regarding skew arches." — Engitteer. 

Gas and Gasworks. 

THE CONSTRUCTION OF GASWORKS AND THE 
MANUFACTURE AND DISTRIBUTION OF COAL-GAS. 
Originally written by S. Hughes, C.E. Sixth Edition. Re-written 
and enlarged, by W. Richards,, C.E. i2mo, 5^. cloth. 

Waterworks for Cities and Towns. 

WATERWORKS for the SUPPLY of CITIES and TOWNS, 
with a Description of the Principal Geological Formations of Eng- 
land as influencing Supplies of Water. By S. Hughes. 4f.6(/. cloth. 

Locomotive-Engine Driving. 

LOCOMOTIVE-ENGINE DRIVING ; a Practical Manual for 
Engineers in charge of Locomotive Engines. By Michael 
Reynolds, M.S. E. Fifth Edition. Comprising A KEY TO THE 
LOCOMOTIVE ENGINE. With Illustrations. Cr.?vo, 4^.6^. cl. 
" Mr. Reynolds has supplied a want, and has supplied it weW."— Engineer. 

The Engineer, Fireman, and Engine-Boy, 

THE MODEL LOCOMOTIVE ENGINEER, FIREMAN, 
AND ENGINE-BOY. By M. Reynolds. Crown 8vo, 4^. dd. 

Stationary Engine Driving. 

STATIONARY ENGINE DRIVING. A Practical Manual for 
Engineers in Charge of Stationary Engines. By Michael Rey- 
nolds. Second Edition, Revised and Enlarged. With Plates and 
Woodcuts. Crown Svo, 4J. dd. cloth. • [jfitst published. 

Engine- Dinving Life. 

ENGINE-DRIVING LIFE ; or Stirring Adventures and Inci- 
dents in the Lives of Locomotive Engine- Drivers. By Michael 
Reynolds. Crown Svo, 2s. cloth. 

Continuous Railway Brakes. 

CONTINUOUS RAILWAY BRAKES. A Practical Treatise on 
the several Systems m Use in the United Kingdom ; their Construc- 
tion and Performance. With copious Illustrations and numerous 
Tables. By Michael Reynolds. Large Crown Svo, gj. cloth. 

[Just published 
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Construction of Iron Beams, Pillars, &c. 

IRON AND HEAT ; exhibiting the Principles concerned in the 
construction of Iron Beams, Pillars, and Bridge Girders, and the 
Action of Heat in the Smelting Furnace. By J. Armour, C.E. 3^. 

Fire Engineering. 

FIRES, FIRE-ENGINES, AND FIRE BRIGADES. With 
a History of Fire-Engines, their Construction, Use, and Manage- 
ment ; Remarks on Fire-Proof Buildings, and the Preservation of 
Life from Fire ; Statistics of the Fire Appliances in English 
Towns ; Foreign Fire Systems ; Hints on Fire Brigades, &c., &c 
By Charles F. T. Young, C.E. With numerous Illustrations, 
handsomely printed, 544 pp., demy 8vo, l/. 4J. cloth. 
" We can most heartily commend this book." — Engineering. 

" Mr. Young's hook on * Fire Engines and Fire Brigades ' contains a mass of 
information, which has been collected from a varietjr of sources. The subject is so 
intensely interesting and useful that it demands consideration," — Building News, 

Trigonometrical Surveying. 

AN OUTLINE OF THE METHOD OF CONDUCTING A 
TRIGONOMETRICAL SURVEY, for the Formation of Geo- 
graphical and Topographical Maps and Plans, Military Recon- 
naissance, Levelling, &c., v^iththe most useful Problems iu Geodesy 
and Practical Astronomy. By Lieut. -Gen. Frome, R.E., late In- 
spector-General of Fortifications. Fourth Edition, Enlarged, and 
partly Re-written. By Captain Charles Warren, R.E. With 
19 Plates and 115 Woodcuts, royal Svo, i6j. cloth. 

Tables of Curves. 

TABLES OF TANGENTIAL ANGLES and MULTIPLES 
for setting out Curves from J to 200 Radius. By Alexander 
Beazeley, M. Inst. C.E. Second Edition. Printed on 48 Cards, 
and sold in a cloth box, waistcoat-pocket size, 3j. dd. 
" Each table is printed on a small card, which, being placed on the theodolite, leaves 
the hands free to manipulate the instrument." — Engineer. 

" Very handy ; a man may know that all his day's work must fall on two of these 
cards, which he puts into his own card-case, and leaves the rest behind."— 

Engineering Field-work. iAiHe,^m. 

THE PRACTICE OF ENGINEERING FIELDWORK, 
applied to Land and Hydraulic, Hydrographic, and Submarine 
Surveying and Levelling. Second Edition, revised, with consider- 
able additions, and a Supplement on WATERWORKS, SEWERS, 
SEWAGE, and IRRIGATION. By W. Davis Haskoll, C.E. 
Numerous folding Plates. In I Vol., demy Svo, l/. Sj., cl. boards. 

Large Tunnel Shafts. 

THE CONSTRUCTION OF LARGE TUNNEL SHAFTS. 
A Practical and Theoretical Essfiy. By J. H. Watson Buck, 
M. Inst. C.E., Resident Engineer, London and North-Western 
Railway. Illustrated with Folding Plates. Royal Svo, I2s. cloth. 
" Many of the methods given are of extreme practical value to the mason, and the 
observations on the form of arch, the rules for ordering the stone, and the construc- 
tion of the templates, will be found of considerable use. We commend the book to 
the engineering profession, and to all who have to build similar s^aits."— Building 
I^eTvs. 

" Will be regarded by civil engineers as of the utmost value, and calculated to save 
much time and obviate many mistakes. "—C(7//«?y Guardian. 
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Survey Practice. 

AID TO SURVEY PRACTICE : for Reference in Surveying, 
Levelling, Setting-out and in Route Surveys of Travellers by Land 
and Sea. With Tables, Illustrations, and Records. By Lowis 
D'A. Jackson, A.-M.I.C.E. Author of "Hydraulic Manual and 
Statistics," &c. Large crown 8vO, \zs. bd., cloth. 
" Mr. Jackson has had much and varied experience in field work and some know- 
ledge of bookmaking, and he has utilised botll these acquirements with a very useful 
result. The volume covers the ground it occupies very thoroughly." — JLttgiiieering. 
" A general text book was wanted, and we are able to speak with conhdence of 
Mr. Jackson's treatise. . . . We cannot recommend to the student who knows 
something of the mathematical' principles of the subject a better course than to fortify 
his practice in the field under a competent surveyor with a study of Mr. Jackson s 
useful manual. The field records illustrate every kind of survey, and will be found 
an essential aid to the student." — Building News. 

. " The author brings to his work a fortunate union of theory and practical expe- 
rience which, aided by a clear and lucid style of writing, renders the book both a very 
useful one and very agreeable to read." — Builder. 

Sanitary Work. 

SANITARY WORK IN THE SMALLER TOWNS AND 
IN VILLAGES. Comprising : — i. Some of the more Common 
Forms of Nuisance and their Remedies ; 2. Drainage ; 3. Water 
Supply. By Chas. Slagg, Assoc Inst. C. E. Crown 8vo, 3 j. cloth. 
"A very useful book, and may- be safely recommended. The author has had 
practical experience in the works of wluch he treats." — Builder. 

Locomotives. 

LOCOMOTIVE ENGINES, A Rudimentary Treatise on. Com- 
prising an Historical Sketch and Description of the Locomotive 
Engine. By G. D. Dempsey, C.E. With large additions treat- 
ing of the Modern Locomotive, by D. Kinnear Clark, 
M. Inst. C.E. .With Illustrations. l2mo. 3J. 6(i. cloth boards. 
" The student cannot fail to profit largely by adopting this as his preliminary text- 
book." — Iron and Coed Trades Review. 

" Seems a model of what an elementary technical book should he."^Academj'. 

Fuels and their Economy. 

FUEL, its Combustion and Economy ; consisting of an Abridg- 
ment of "A Treatise on the Combustion of Coal and the Prevention 
of Smoke." By C. W. Williams, A. I. C.E. With extensive 
additions on Recent Practice in the Combustion and Economy of 
Fuel— Coal, Coke, Wood, Peat, Petroleum, &c. ; by D. Kin- 
near Clark, M. Inst. C.E. Second Edition, revised. With 
Illustrations. l2mo. 4J. cloth boards. 
" Students should buy the book and read "it, as one of the most complete and satis- 
f.ictory treatises on the combustion and economy of fuel to be had." — Eftgineer. 

Roads and Streets. 

THE CONSTRUCTION OF ROADS AND STREETS. In 
Two Parts. I. The Art of Constructing Common Roads. By 
Henry Law, C.E. Revised and Condensed. II. Recent 
Practice in the Construction of Roads and Streets : including 
Pavements of Stone, Wood, and Asphalte. By D. Kinnear 
Clark, M. Inst. C.E. Second Edit., revised. l2mo, 5x. cloth. 
*' A hook which every borough surveyor and engineer must possess, and which will 

be of considerable service to architects, builders, and property owners generally." 

Building News. 
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Sewing- Machine {The). 

SEWING MACHINERY ; being a Practical Manual of the 
Sewing Machine, comprising its History and Details of its Con- 
struction, with full Technical Directions for the Adjusting of Sew- 
ing Machines. By J. W. Urquhart, Author of "Electro 
Plating: a Practical Manual;" "Electric Light: its Production 
and Use." With Numerous Illustrations. l2mo, is. 6d. cloth. 

Field-Book for Engineers. 

THE ENGINEER'S, MINING SURVEYOR'S, and CON- 
TRACTOR'S FIELD-BOOK. By W. Davis Haskoll, C.E. 
Consisting of a Series of Tables, with Rules, Explanations of 
Systems, and Use of Theodolite for Traverse Surveying and Plotting 
the Work with minute accuracy by means of Straight Edge and Set 
Square only ; Levelling with the Theodolite, Casting out and Re- 
ducing Levels to Datum, and Plotting Sections in the ordinary 
manner; Setting out Curves with the Theodolite by Tangential 
Angles and M^tiples with Right and Left-hand Readings of the 
Instrument ; Setting out Curves without Theodolite on the System 
of Tangential Angles by Sets of Tangents and Offsets ; and Earth- 
work Tables to 80 feet deep, calculated for every 6 inches in depth. 
With numerous Woodcuts. 4th Edition, enlarged. Cr. 8vo.i2j'. cloth. 
" The book is very handy, and the author might have added that the separate tables 

of sines and tangents to every minute will make it useful for many other purposes, the 

genuine traverse tables existmg all the same." — Atheneeum. 

" Cannot fail, from its portability and utility, to be extensively patronised by the 

engineering profession." — MvUng Journal. 

Earthwork, Measurement and Calculation of. 

A MANUAL on EARTHWORK. By Alex. J. S. Graham, 
C.E., Resident Engineer, Forest of Dean Central Railway. With 
numerous Diagrams. i8mo, 7,s. 6d. cloth. 
*' As a really handy book for reference, we know of no work equal to it ; and the 
railway engineers and others employed in the measurement and calculation of earth- 
work will find a great amount of practical information very admirably arranged, and 
available for general or rough estimates, as well as for the more exact calculations 
required in the engineers' contractor's offices." — Artizan. 

Drawing for Engineers, &c. 

THE WORKMAN'S MANUAL OF ENGINEERING 
DRAWING. By John Maxton, Instructor in Engineering 
Drawing, Royal Naval College, Greenwich, formerly of R. S. N. A., 
South Kensington. Fourth Edition, carefully revised With upwards 
of 300 Plates and Diagrams. i2moi cloth, strongly bound, 4^. 
" A copy of it should be kept for reference in ev«y drawing office." — Engintering 
" Indispensable for teachers of engineering drawing."— ^«Aa»Kf' Magazine. 

Wealds Dictionary of Terms. 

A DICTIONARY of TERMS used in ARCHITECTURE, 

BUILDING, ENGINEERING, MINING, METALLURGY, 

ARCHAEOLOGY, the FINE ARTS, &c. By John Weale. 

Fifth Edition, revised by Robert Hunt, F.R.S., Keeper of Mining 

Records, Editor of " Ure^s Dictionary of Arts. " l2mo, 6j. cl. bds. 

" The best small technological dictionarj' m the \a.n^a.%e."— Architect. 

" The absolute accuracy of a work of this character can only be judged of after 

extensive consultation, and from our examination it appears very correct and very 

complete." — Mining journal. 
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MINING, METALLURGY, ETC. 

— t — 
Coal and Iron. 

THE COAL AND IRON INDUSTRIES OF THE UNITED 
KINGDOM : comprising a Description of the Coal Fields, and of 
the Principal Seams of Coal, with returns of their Produce and its 
Distribution, and Analyses of Special Varieties. Also, an Account 
of the occurrence of Iron Ores in Veins or Seams ; Analyses of 
each Variety ; and a History of the Rise and Progress of Pig Iron 
Manufacture since the year 1740, exhibiting the economies intro- 
duced in the Blast Furnaces for its Production and Improvement. 
By Richard Meade, Assistant Keeper of Mining Records. Wiih 
Maps of the Coal Fields and Ironstone Deposits of 'the United 
Kingdom. 8vo., ;^i 8j. cloth. \Jtist published. 

Metalliferous Minerals and Mining. 

A TREATISE ON METALLIFEROUS MINERALS AND 
MINING. By D.C. Davies, F.G.S., author of " A Treatise on 
Slate and Slate Quarrying." With numerous wood engravings. 
Second Edition, revised. Cr. 8vo. \2s. (sd. cloth. 
" Without question, the most exhaustive and the most practically useful work we 

have seen ; the amount of information given is enormous, and it is given concisely 

and intelligibly."— i^i«z«^ Journal, 

Slate and Slate Qimrrying. 

A TREATISE ON SLATE AND SLATE QUARRYING, 
Scientific, Practical, and Commercial. By D. C. Davies, F.G.S., 
Mining Engineer, &c. With numerous Illustrations and Folding 
Plates. Second Edition, carefully revised. l2mo, y, 6d, clothboards. 
"Mr. Davies has written a useful and practical hand-book on an important industry, 
with all the conditions and details of which he appears familiar." — Sngitieentt£, 

Metallurgy of Iron. 

A TREATISE ON THE METALLURGY OF IRON : con- 
taining Outlines of the History of Iron Manufacture, Methods of 
Assay, and Analyses of Iron Ores, Processes of Manufacture of 
Iron and Steel, &c. By H. Bauerman, F.G.S. Fifth Edition, 
Revised and greatly Enlarged. With Numerous Illustrations, 
l2mo. 5^. 6(/., cloth boards. [Jiist published. 

Manual of Mining Tools. 

MINING TOOLS. For the use of Mine Managers, Agents, 
Mining Students, &c. By William Morgans. Volume of Text. 
l2mo, 3J. With an Atlas of Plates, containing 235 Illustrations. 
4to, 6j, Together, gj. cloth boards. 

Mining, Surveying and Valuing. 

THE MINERAL SURVEYOR AND VALUER'S COM- 
PLETE GUIDE, comprising a Treatise on Improved Mining 
Surveying, with new Traverse Tables ; and Descriptions of Im- 
proved Instruments ; also an Exposition of the Correct Principles 
of Laying out and Valuing Home and Foreign Iron and Coal 
Mineral Properties. By William Lintern, Mining and Civil 
Engineer. With four Plates of Diagrams, Plans, &c. , 1 2mo, 4J. cloth . 
*,* The above, bound with Thoman's Tables. (See page 20,) 
Price Is, 6d, cloth. 
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Coa/ and Coal Mining. 

COAL AND COAL MINING : a Rudimentary Treatise on. By 

Wakington W. Smyth, M.A., F.R.S., &c., Chief Inspector 

of the Mines of tlje Crown. Fifth edition, revised and corrected. 

i2mo, with numerous Illustrations, 4J. cloth boards. 

"Every portion of the volume appears to have been prepared with much care, and 

as an outhne is given of every known coal-field in this and other countries, as well as 

of the two principal methods of working, the book wiU doubtless interest a very 

large number of readers." — Mining; youmal. 

Underground Pumping Machinery. 

MINE DRAINAGE ; being a Complete and Practical Treatise 
on Direct-Acting Underground Steam Pumping Machinery, with 
a Description of a large number of the best known Engines, their 
General Utility and the Special Sphere of their Action, the Mode 
of their Application, and their merits compared with other forms of 
Pumping Machinery. BySxEPHEN Michell, Joint-Authorof "The 
Cornish System of Mine Drainage." 8vo, 15J. cloth. 



NAVAL ARCHITECTURE, NAVIGATION, ETC. 
— « — 

Pocket Book far Naval Architects & Shipbuilders. 

THE NAVAL ARCHITECT'S AND SHIPBUILDER'S 
POCKET BOOK OF FORMULA, RULES, AND TABLES 
AND MARINE ENGINEER'S AND SURVEYOR'S HANDY 
BOOK OF REFERENCE. By Clement Mackrow, M. Inst. 
N. A,, Naval Draughtsman. Second Edition, revised. With 
numerous Diagrams. Fcap., \2s, 6d., strongly bound in leather. 
" Should be used by all who are engaged in the construction or design of vessels." 
'^Engineer. 

" There is scarcely a subject on which a naval architect or shipbuilder can require 
to refresh his memory which will not be found within the covers of Mr. Mackrow's 
took." — English Mechanic. 

** Mr. Mackrow has compressed an extraordinary amount of Information into this 
useful volume." — AtJienccum. 

Grantham's Iron Ship-Building. 

ON IRON SHIP-BUILDING; with Practical Examples and 
Details. Fifth Edition. Imp. 4to, boards, enlarged from 24 to 40 
Plates (21 quite new), Including the latest Examples. Together 
with separate Text, also considerably enlarged, i2mo, cloth limp. 
By John Grantham, M. Inst. C.E., &c. 2/. 2j. complete. 

*' Mr. Grantham's work is of great interest. It will, we are confident, command an 
extensive.circulation among shipbuilders in general. By order of the Board of Admi- 
ralty ,,the work will form the text-book on which the examination in iron ship-building 
of candidates for promotion in the dockyards will be mauily based." — Engineering. 

Pocket-Book for Marine Engineers. 

A POCKET-BOOK OF USEFUL TABLES AND FOR- 
MULAE FOR MARINE ENGINEERS. By Frank Proctor, 
A. I.N. A. Third Edition. Royal 32mo, leather, gilt edges, 4?. 
"A most useful companion to all marine engineers." — United Service Gazette, 
" Scarcely anything required by a naval engineer appears to have been for- 
gotten." — Iron, 



WORKS IN NAVAL ARCHITECTURE, ETC., 



Light- 



-Houses. 

"EUROPEAN LIGHT-HOUSE SYSTEMS ; being a Report ot 
a Tour of Inspection made in 1873. By Major Gecrge H. 
Elliot, Corps of Engineers, U.S.A. Illustrated by 51 En- 
gravings and 31 Woodcuts in the Text. 8vo, z\s. cloth. 

Surveying [Land and Marine). 

LAND AND MARINE SURVEYING, in Reference to the 
Preparation of Plans for Roads and Railways, Canals, Rivers, 
Tov/Tis' Water Supplies, Docks and Harbours ; with Description 
and Use of Surveying Instruments. By W. Davis Haskoll, C. E. 
With 14 folding Plates, and numerous Woodcuts. 8vo, 12s. 6d. cloth, 

*^ A Most useful and well arranged book for the aid of a student'' — Builder. 

" Of the utmost practical utility, and may be safely recommended tO all students 
who aspire to become clean and expert surveyors." — MiniTlg Journal. 

Storms. 

STORMS : their Nature, Classification, and Laws, with the 
Means of Predicting them by their Embodiments, the Clouds. 
By William Blasius. Crown 8vo, loj. dd. cloth boards. 

Rudimentary Navigation, 

THE SAILOR'S SEA-BOOK: a Rudimentary Treatise on Navi- 
gation. By James Greenwood, B. A. New and enlarged edition. 
By W. H. RossER. iznio, 3^. cloth boards. 

Mathematical and Nautical Tables. 

MATHEMATICAL TABLES, for Trigonometrical, Astronomical, 
and Nautical Calculations ; to which is prefixed a Treatise on 
Logarithms. By Henry Law, C.E. Together with a Series of 
Tables for Navigation and Nautical Astronomy. By Professor 
J. R. Young. New Edition. i2mo, 4J. cloth boards. 

Navigation (^Practical), with Tables. 

PRACTICAL navigation! consisting of the SaUor's Sea- 
Book, by James Greenwood and W. H, Rosser ; together 
with the requisite Mathematical and Nautical Tables for the Work- 
ing of the Problems. By Henry Law, C.E., and Professor 
J. R. Young. Illustrated, izmo, 7j. strongly half-bound in leather. 

WEALE'S RUDIMENTARY SERIES. 

The following books in Naval Architecture^ etc. , are ptblished in the 

above series 

NAVIGATION and NAUTICAL ASTRONOMY IN THEORY 

AND PRACTICE. By Professor J. R. Young. New Edition. 

Including the Requisite Elements from the Nautical Almanac for 

Working the Problems. l2mo, zs. 6d. cloth. 
MASTING, MAST-MAKING, AND RIGGING OF SHIPS. By 

Robert Kipping, N.A. Fourteenth Edition. i2mo, 2s. 6d. cloth. 
SAILS AND SAIL-MAKING. Tenth Edition, enlarged. By 

Robert Kipping, N.A. Illustrated. i2mo, 3J. cloth boards. 
NAVAL ARCHITECTURE. By James Peake. Fourth Edition, 

with Plates and Diagrams. i2mo, 4J. cloth boards. 
MARINE ENGINES, AND STEAM VESSELS. By Robert 

Murray, C.E. Seventh Edition. i2mo, 3^, 6d. cloth boards. 
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ARCHITECTURE, BUILDING, ETC. 
Construction. — • — 

THE SCIENCE of BUILDING : An Elementary Treatise on 
the Principles of Construction. By E. Wyndham Tarn, M.A., 
Architect. With 58 Wood Engravings. Second Edition, revised and 
enlarged, including an entirely new chapter on the Nature of 
Lightning, and the Means of Protecting Buildings from its Violence. 
Crown 8vo, "js. bd. cloth. 

" A very valuable book, which we strongly recommend to all students." — Builder. 

" No architectural student should be without this hand-book," — Architect . 

Civil and Ecclesiastical Bidlding. 

A BOOK ON BUILDING, CIVIL AND ECCLESIASTICAL, 
Including Church Restoration. By Sir Edmund Beckett, 
Bart., LL.D., Q.C., F.R.A.S. Author of "Clocks and 
Watches and Bells," &c. i2mo, 5^. cloth boards. 
"A book which is always amusing and nearly always instructive. We are able 
very cordially to recommend all persons to read it for themselves. " — Times. 

** We commend the book to the thoughtful consideration of all who are interested 
in the building^ art." — Builder. 

Villa Architecture. 

A HANDY BOOK of VILLA ARCHITECTURE ; being a 
Series of Designs for Villa Residences in various Styles. With 
Detailed Specifications and Estimates. By C. Wickes, Architect, 
Author of " The Spires and Towers of the Mediaeval Churches of Eng- 
land," &c. 30 Plates, 4to, half morocco, gilt edges, i/. \s. 
*,* Also an Enlarged edition of the above. 61 Plates, with Detailed 
Specifications, Estimates, &c. 2/. zs. half morocco. 

Useftil Text- Book for Architects. 

THE ARCHITECT'S GUIDE : Being a Text-book of Useful 
Information for Architects, Engineers, Surveyors, Contractors, 
Clerks of Works, &c. By F. Rogers. Cr. 8vo, ds. cloth. 
"As a text-book of useful information for architects, engineers, surveyors, &c., it 
would be hard to find a handier or more complete little volume." — StaJidard. 

The Young Architect's Book. 

HINTS TO YOUNG ARCHITECTS. By G. Wightwick. 
New Edition. By G. H. Guillaume. izmo, cloth, 4J. 
"Will be found an acquisition to pupils, and a copy ought to be considered as 
necessary a purchase as a box of instruments." — Architect. 

Drawing for Builders and Students. 

PRACTICAL RULES ON DRAWING for the OPERATIVE 
BUILDER and YOUNG STUDENT in ARCHITECTURE. 
By George Pyne. With 14 Plates, 4to, is, fid. boards. 

Boiler and Factory Chimneys. 

BOILER AND FACTORY CHIMNEYS ; their Draught power 
and Stability, vnth a chapter on Lightning Conductors. By Robert 
Wilson, C.E. Crown 8vo, 3^. td. cloth. 



H. WORKS IN ARCHITECTURE, BUILDING, ETC., 

Taylor and Cresys Rome. 

THE ARCHITECTURAL ANTIQUITIES OF ROME. By 
the late G. L. Taylor, Esq., F.S.A., and Edward Cresy, Esq. 
New Edition, Edited by the Rev. Alexander Taylor, M. A. (son 
of the late G. L. Taylor, Esq. ) This is the only book which gives 
on a large scale, and with the precision of architectural measure- 
ment, the principal Monuments of Ancient Rome in plan, elevation, 
and detait Large folio, with 130 Plates, half-bound, 3/. 3^. 
*,* Originally published in two volumes, folio, at iSZ i8j. 

Vitruvmi Architecture. 

THE ARCHITECTURE OF MARCUS VITRUVIUS 
POLLIO. Translated by Joseph Gwilt, F.S.A., F.R.A.S. 
Numerous Plates. i2mo, cloth limp, 5^. 

Ancient Architectti,re. 

RUDIMENTARY ARCHITECTURE (ANCIENT); com- 
prising VITRUVIUS, translated by Joseph Gwilt, F.S.A., 
&c., with 23 fine plates ; and GRECIAN ARCHITECTURE. 
By the Earl of Aberdeen ; i2rao, 6i-., half-bound. 
*»* The only edition of VITRUVIUS procurable at a moderate price. 

Modern Architecture. 

RUDIMENTARY ARCHITECTURE (MODERN); com- 
prising THE ORDERS OF ARCHITECTURE. By W. H. 
Leeds, Esq. ; TheSTYLESof ARCHITECTURE of VARIOUS 
COUNTRIES. By T. Talbot Bury ; and The PRINCIPLES 
of DESIGN in ARCHITECTURE. By E. L. Garbett. 
Numerous illustrations, l2mo, 6j. half-bound. 

Civil Architecture. 

A TREATISE on THE DECORATIVE PART of CIVIL 
ARCHITECTURE. By Sir William Chambers, F.R.S. 
With Illustrations, Notes, and an Examination of Grecian Archi- 
tecture. By Joseph Gwilt, F.S. A. Revised and edited by W. 
H. Leeds. 66 Plates, 4to, 2ix. cloth. 

House Pg,inting. 

HOUSE PAINTING, GRAINING, MARBLING, AND 
SIGN WRITING : a Practical Manual of. With 9 Coloured 
Plates of Woods and Marbles, and nearly 150 Wood Engravings. 
By Ellis A. Davidson. Third Edition, Revised. i2mo, 6j, cloth. 

Plumbing. 

PLUMBING ; aText-book to the Practice of the Art or Craft of the 
Plumber. With chapters upon House-drainage, embodying the 
latest Improvements. By W. P. BuCHAN, Sanitary Engineer. 
Fourth Edition, Revised and Enlarged, with above 330 illustrations. 
l2mo. 4J. cloth. _ ^Uit published. 

Joints used in Building.^ Engineering, &c. 

THE JOINTS MADE AND USED BY BUILDERS in the 
construction of various kinds of Engineering and Architectural 
works, with especial reference to those wrought by artificers in 
erecting and finishing Habitable Structures. By W. J. Christy 
Architect. With 160 Illustrations. i2rao, 3J, 61/. cloth boards. ' 
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Handbook of Specifications. 

THE HANDBOOK OF SPECIFICATIONS ; or, Practical 
Guide to the Architect, Engineer, Surveyor, and Builder, in drawing 
up Specifications and Contracts for Works and Constructions. 
Illustrated by Precedents of Buildings actually executed by eminent 
Architects and Engineers. By Professor Thomas L. Donald- 
son, M.I.B.A. New Edition, in One large volume, 8vo, vi-ith 
upwards of looo pages of text, and 33 Plates, cloth, I/. \\s. Sd. 
"In this work forty-four s^iecifications of executed works are given. . , . Dcnald- 
son's Handbook of Specifications must be bought by all architects." — Builder, 

Specifications for Practical Architecture. 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE : 
A Guide to the Architect, Engineer, Surveyor, and Builder ; with 
an Essay on the- Structure and Science of Modem Buildings. By 
Frederick Rogers, Architect. 8vo, iJj. cloth. 

\* A volume of specifications of a practical character being greatly required, and the 
old standard work of Alfred Bartholomew being out of print, the author, on the basis 
of that work, has produced the above. — Extract front Preface. 

Designing, Measuring, and Valuing. 

THE STUDENT'S GUIDE to the PRACTICE of MEA- 
SURINGand VALUING ARTIFICERS' WORKS; containing 
Directions for taking Dimensions, Abstracting the same, and bringing 
the Quantities into Bill, with Tables of Constants, and copious 
Memoranda for the Valuation of Labour and Materials in the re- 
spective Trades of Bricklayer and Slater, Carpenter and Joiner, 
Painter and Glazier, Paperhanger, &c. With 9 Plates and 47 Wood- 
cuts. Originally edited by Edward Dobson, Architect. New 
Edition, re-written, with Additions on Mensuration and Construc- 
tion, and useful Tables for facilitating Calculations and Measure- 
ments. By E. Wyndham Tarn, M.A., 8vo, lor. dd. cloth. 
" Well fulfils the promise of its title-page. Mr. Tarn's additions and revisions have 
much increased the usefulness of the work." — Engineering. 

Beaton's Pocket Estimator. 

THE POCKET ESTIMATOR FOR THE BUILDING 
TRADES, being an easy method of estimating the various parts 
of a Building collectively, more especially applied to Carpenters' 
and Joiners' work. By A. C. Beaton. Second Edition. 
Waistcoat-pocket size. i.r, 6d. 

Beaton' sBuilder^ and Surveyors Technical Guide. 

THE POCKET TECHNICAL GUIDE AND MEASURER 
FOR BUILDERS AND SURVEYORS: containing a Complete 
Explanation of the Terms used in Building Construction, Memo- 
randa for Reference, Technical Directions for Measuring Work in 
all the Building Trades, &c. By A. C. Beaton, is. 6d. 

The House-Owner's Estimator. 

THE HOUSE-OWNER'S ESTIMATOR; or. What will it 
Cost to Build, Alter, or Repair? A Price-Book for Unprofes- 
sional People, Architectural Surveyors, Builders, &c. By the late 
James D. Simon. Edited by F. T. W. Miller, A.R.I.B.A. 
Third Edition, Revised. Crown 8vo, 3J. dd., cloth. 
" In two years it will repay its cost a hundred times <na."^Field 



i5 WOEKS IN CARPENTRY, TIMBER, ETC., 

Cement. 

PORTLAND CEMENT FOR USERS. By Henry Faija, 
A.M. Inst. C.E., with Illustrations. Crown 8vo. 3^-. dd. cloth. 
" A useful compendium of results for the builder and architect." — Bttildw^ News, 

Builder's and Contractors Price Book. 

LOCKWOOD & CO.'S BUILDER'S AND CONTRACTOR'S 
PRICE BOOK, containing the latest prices of all kinds of Builders' 
Materials and Labour, and of all Trades connected with Building, 
&c. Revised by F. T. W. Miller, A. R. I. B. A. Half-bound, 4J. 



CARPENTRY, TIMBER, ETC. 
— t — 

TredgolcTs Carpentry, new and cheaper Edition. 

THE ELEMENTARY PRINCIPLES OF, CARPENTRY : 
a Treatise on the Pressure and Equilibrium of Timber Framing, the 
Resistance of Timber, and the Construction of Floors, Arches, 
Bridges, Roofs, Uniting Iron and Stone with Timber, &c. To which 
is added an Essay on the Nature and Properties of Timber, &c., 
with Descriptions of the Kinds of Wood used in Building ; also 
numerous Tables of the Scantlings of Timber for different purposes, 
the Specific Gravities of Materiids, &c. By Thomas Tredgold, 
C.E. Edited by Peter Barlow, F.R.S. Fifth Edition, cor- 
rected and enlarged. With 64 Plates, Portrait of the Author, and 
Woodcuts. 4to, published at 2.1. 2s., reduced to l/. Jj. cloth. 
" Ought to be in every architect's and every builder's library, and those who 
do not already possess it ought to avail themselves of the new issue." — Builder. 

"A work whose monumental excellence must commend it wherever skilful car- 
pentry is concerned. The Author's principles are rather confirmed than impaired by 
time. The additional plates are of great intrinsic value," — Building News, 

Grandy's Timber Tables. 

THE TIMBER IMPORTER/S, TIMBER MERCHANT'S, 

& BUILDER'S STANDARD GUIDE. By R. E. Grandy; 

2nd Edition. Carefully revised and corrected. l2mo, 3,1. 6rf. cloth. 

" Everything it pretends to be : built up gradually, it leads one from a forest to a 

treenail, and throws in, as a makeweight, a host of material concerning bricks, columns, 

cisterns, &c. — all that the class to whom it appeals requires." — English Mechanic, 

Timber Freight Book: 

THE TIMBER IMPORTERS' AND SHIPOWNERS' 
FREIGHT BOOK : Being a Comprehensive Series of Tables for 
the Use of Timber Importers, Captains of Ships, Shipbrokers, 
Builders, and Others. By W. Richardson. Crown 8vo, 6s, 

Tables for Packing-Case Makers. 

PACKING-CASE TABLES ; showing the number of Superficial 
Feet in Boxes or Packing-Cases, from six inches squaie and 
upwards. By W. Richardson. Oblong 410, y. 6d. cloth. 
** Invaluable labour-saving tables." — Irontnonger, 

Cari'iage Building, &c, 

COACH BUILDING: A Practical Treatise, Historical and 
Descriptive, containing full information of the various Trades and 
Processes involved, wi3i Hints on the proper keeping of Carriages, 
&c. 57 Illustrations. By James W. Burgess. i2mo, 3^. cloth! 
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Horton's Measurer. 

THE COMPLETE MEASURER ; setting forth the Measure- 
ment of Boards, Glass, &c. ; Unequal-sided, Square-sided, Oe- 
tagonal-sided. Round Timber and Stone, and Standing Timber. 
Also a Table showing the solidity of hewn or eight-sided timber, 
or of any octagonal-sided column. By Richard Horton. 
Fourth Edit. With Additions, i2mo, strongly bound in leather, Jj, 

Norton s Underwood and Woodland Tables. 

TABLES FOR PLANTING AND VALUING UNDER- 
WOOD AND WOODLAND ; also Lineal, Superficial, Cubical, 
and Decimal Tables, &c. By R. Horton. i2mo, 2j. leather. 

Nicholson's Carpenter's Guide. 

THE CARPENTER'S NEW GUIDE; or, BOOK of LINES 
for CARPENTERS : comprising all the Elementary Principles 
essential for acquiring a knowledge of Carpentiy. Founded on the 
late Peter Nicholson's standard work. A new Edition, revised 
by Arthur Ashpitel, F.S.A., together with Practical Rules on 
Drawing, by George Pyne. With 74 Plates, 4to, i/. is. cloth. 

Dowsing's Timber Merchant' s Companion. 

THE TIMBER MERCHANT'S AND BUILDER'S COM- 
PANION ; containing New and Copious Tables of the Reduced 
Weight and Measurement of Deals and Battens, of all sizes, from 
One to a Thousand Pieces, also the relative Price that each size 
bears per Lineal Foot to any given Price per Petersburgh Standard 
Hundred, &c., &c. Also a variety of other valuable information. 
Ey William Dowsing, Timber Merchant. Third Edition, Re- 
vised. Crown 8vo, 3J. cloth. 
"Everything is as concise and clear as it can possibly be made. There can be no 
doubt that every timber merchant and builder ought to possess it." — Hull Advertise7\ 

Practical Timber Merchant. 

THE PRACTICAL TIMBER MERCHANT, being a Guide 
for the use of Building Contractors, Surveyors, Builders, &c., 
comprising useful Tables for all purposes connected with the 
Timber Trade, Essay on the Strength of Timber, Remarks on the 
Growth of Timber, &c. By W. RICHARDSON. Fcap. 8vo, y. 6d. cl. 

Woodworking Machinery. 

WOODWORKING MACHINERY; its Rise, Progiess, and 
Construction. With Hints on the Management of Saw Mills and 
the Economical Conversion of Timber. Illustrated with Examples , 
of Recent Designs by leading English, French, and American 
Engineers., ByM. PowisBale, M.I.M.E. Crown 8vo, \2s. 6d. cl. 
*' Mr. Bale is evidently an expert on the subject, and he has collected so much 
' information that his book is all-sufficient for builders and others engaged in the con- 
version of timber." — Architect. 

"The most comprehensive compendium of wood-working machinery we have 
seen. The author is a thorough master of his subject." — Building News. 

Saw Mills. 

SAW MILLS, THEIR ARRANGEMENT AND MANAGE- 
MENT, AND THE ECONOMICAL CONVERSION OF . 
TIMBER. By M, Powis Bale, M.I.M.E. With numerous 
Illustrations. Crown 8vo. [In the Press, 

c 
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^ . MECHANICS, ETC. 

I urmng. — « — 

LATHE- WORK: a Practical Treatise on the Tools, Appliances, 

and Processes employed in the Art of Turning. By PAUL N. HAS- 

LUCK. With Illustratioiis drawn by the Author. Crown 8vo, ^s. 

" Evidently written from personal experience, and gives a large amount of just 

that sni't of information which beginners at the lathe require." — Bititder. 

Alechanic s Workshop Companion. 

THE OPERATIVE MECHANIC'S WORKSHOP COM- 
PANION, and THE SCIENTIFIC GENTLEMAN'S PRAC- 
TICAL AS.SISTANT. By W. Templeton. 13th Edit., with 
Mechanical Tables for Operative Smiths, Millwrights, Engineers, 
&c. ; and an Extensive Table of Powers and Roots, I2mo, ^s. bound. 
" Admirably adapted to the wants of a very large class. It has met with great 
success in the engineering workshop, as we can testify ; and there are a great many 
men who, in a great measure, owe their rise in hfe to this little work. " — Building News, 

Engineer s and Machinist' s Assistant. 

THE ENGINEER'S, MILLWRIGHT'S, and MACHINIST'S 
PRACTICAL ASSISTANT ; comprising a Collection of Useful 
Tables, Rules, and Data. By Wm. Templeton. i8mo, 2j. dd. 

Smith! s Tables /"or Mechanics, &c. 

TABLES, MEMORANDA, and CALCULATED RESULTS, 
FOR MECHANICS, ENGINEERS, ARCHITECTS, 
ByiLDERS, &c. Selected and Arranged by Francis Smith. 
240pp. Waistcoat-pocket size, ls.6d., limp leather. \Jtist published. 

Boiler Making. 

THE BOILER-MAKER'S READY RECKONER. With 
Examples of Practical Geometry and Templating, for the use of 
Platers, Smiths, and Riveters. By John Courtney, Edited by 
D. K. Clark, M. I. C.E. i2mo, <js. half-bd. \Just published. 

Superficial Measurement. 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEA- 
SUREMENT. Tables calculated from i to 200 inches in length, 
by I to 108 inches in breadth. By J. Hawkings. Fcp. y. 6d. d. 

The High-Pressure Steam Engine. 

THE HIGH-PRESSURE STEAM ENGINE. By Dr. Ernst 
Alban. Translated from the German, with Notes, by Dr. Pole, 
F.R.S. Plates, 8vo, l6f. dd. doth. 

Steam Boilers. 

A TREATISE ON STEAM BOILERS : their Strength, Con- 
struction, and Economical Working. By R. WlLSON, C.E. 
Fifth Edition. i2mo, 6j. cloth. 

" The best work on boilers which has come under our notice." — Engineering. 

"The best treatise that has ever been published on steam boilers." — Engineer. 

Mechanics. 

THE "HANDBOOK OF MECHANICS. By Dionysius 
Lardner, D.C.L. New Edition, Edited and considerably En- 
larged, by Benjamin Loewy, F.R.A.S., &c., post 8vo, 6j, cloth. 
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MATHEMATICS, TABLES, ETC. 

Metrical Units and Systems, &c. 

MODERN METROLOGY : A Manual of the Metrical Units 
and Systems of the present Century. With an Appendix con- 
taining a proposed English System. By Lowis D'A. Jackson, 
A.-M. Inst. C.E., Author of " Aid to Survey Practice," &c. 
Lai-ge Crown 8vo, 12s. dd. cloth. [Just published. 

Gregory's Practical Mathematics. 

MATHEMATICS for PRACTICAL MEN ; being a Common- 
place Book of Pure and Mixed Mathematics. Designed chiefly 
for the Use of Civil Engineers, Architects, and Surveyors. Part I. 
PtTRE Mathematics — comprising Arithmetic, Algebra, Geometry, 
Mensuration, Trigonometry, Conic Sections, Properties of Curves. 
Part II. Mixed Mathematics — comprising Mechanics in genersJ, 
Statics, Dynamics, Hydrostatics, Hydrodynamics, Pneumatics, 
Mechanical Agents, Strength of Materials, &c. By Olinthus Gre- 
gory, LL.D., F.R. A.S. Enlarged by H. Law, C.E. 4th Edition, 
revised by Prof. J. R. Young. With 13 Plates. 8vo, l/. is. cloth. 

Mathematics as applie'd to the Constructive Arts. 

A TREATISE ON MATHEMATICS AS APPLIED TO 
THE CONSTRUCTIVE ARTS. Illustrating the various pro- 
cesses of Mathematical Investigation by means of Arithmetical and 
simple Algebraical Equations and Practical Examples, &c. By 
Francis Campin, C.E. lamo, 3^. dd. cloth. \Just published. 

Geometry for the Architect, Engineer, &c. 

PRACTICAL GEOMETRY, for the Architect, Engineer, and 
Mechanic. By E. W. Tarn,M.A. With Appendices on Diagrams 
of Strains and Isometrical projection. Demy 8vo, gj. cloth. 

Practical Geometry. 

THE GEOMETRY OF COMPASSES, or Problems Resolved 
by the Mere Description of Circles, and the Use of Coloured 
Diagrams and Symbols. By Oliver Byrne. Coloured Plates. 
Crovfn 8vo, 3^. (>d., cloth. 

The Metric System,. 

A SERIES OF METRIC TABLES, in which the British 
Standard Measures and Weights are compared with those of the 
Metric System at present in use on the Continent. By C. H, 
DOWLING, C.E. 2nd Edit., revised and enlarged. 8vo, loj. (>d. cl. 

Inwood's Tables, greatly enlarged and improved. 

TABLES FOR THE PURCHASING of ESTATES, Freehold, 
Copyhold, or Leasehold ; Annuities, Advowsons, &c. , and for the 
Renewing of Leases ; also for Valuing Reversionary Estates, De- 
ferred Annuities, &c. By William In wood. 21st edition, with 
Tables of Logarithms for the more Difficult Computations of the 
Interest of Money, &c. By M. FiiDOR Thoman. l2mo. 8j. cloth. 
" Those interested in the purchase and sale of estates, and in the adjustment of 

compensation cases^ as well as in transactions in annuities, life insurances, &c., will 

find the present edition of eminent samw."— Engineering. 
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Weights, Measures, Moneys, &c. 

MEASURES, WEIGHTS, and MONEYS of aU NATIONS. 
Entirely New Edition, Revised and Enlarged. By W. S. B. 
WoOLHOUSE, F.R.A.S. i2ino, 2s. 6d. cloth boards. 

Compound Interest and Annuities. 

THEORY of COMPOUND INTEREST and ANNUITIES ; 
with Tables of Logarithms for the more Difficult Computations of 
interest. Discount, Annuities, &c., in all their Applications and 
Uses for Mercantile and State Purposes. By Fedor Thoman, 
of the Society Credit Mobiher, Paris. 3rd Edit., i2mo, 4^. 6el. cl. 

Iron and Metal Trades' Calculator. 

THE IRON AND METAL TRADES' COMPANION : 
Being a Calculator containing a Series of Tables upon a new and 
comprehensive plan for expeditiously ascertaining the value of any 
goods bought or sold by weight, from is. per cwt. to Il2i. per 
cvvt., and from one farthing per lb. to is. per lb. Each Table ex- 
tends from one lb. to 100 tons. ByT.DowNiE. 396 pp., 9J., leather. 

Iron and Steel. 

IRON AND STEEL: a Work for the Forge, Foundry, 
Factory, and Office. Containing Information for Ironmasters and 
their Stocktakers ; Managers of Bar, Rail, Plate, and Sheet Rolling 
Mills ; Iron and Metal Founders ; Iron Ship and Bridge Builders ; 
Mechanical, Mining, and Consulting Engineers ; Architects, Builders, 
&c. By Charles Hoare. Eighth Edit. Oblong 32mo, 6j., leather. 

Comprehensive Weight Calculator. 

THE WEIGHT CALCULATOR, being a Series of Tables 
upon a New and Comprehensive Plan, exhibiting at one Reference 
the exact Value of any Weight from lib. to 15 tons, at 300 Pro- 
gi'essive Rates, from i Penny to 168 Shillings per cwt., and con- 
taining 186,000 Direct Answers, which, with their Combinations, 
consisting of a single addition, will afford an aggregate of 10,266,000 
Answers ; the whole being calculated and designed to ensure 
Correctness and promote Despatch. By Henrv Harben, 
Accountant. New Edition. Royal 8vo, l/. 5^., half-bound. 

Comprehensive Discount Guide. 

THE DISCOUNT GUIDE : comprising Tables for the use of 
Merchants, Manufacturers, Ironmongers, and others, by which 
may be ascertained the exact profit arising from any mode of using 
Discounts, either in the Purchase or Sale of Goods, and the method 
of either Altering a Rate of Discount, or Advancing a Price, so as 
to produce, by one operation, a sum that will realise any required 
profit after allowing one or more Discounts : to which are added 
Tables of Profit or Advance from I J to 90 per cent.. Tables of 
Discount from ij to 98J per cent., and Tables of Commission, &c., 
from \ to 10 per cent. By H. Harben, 8vo, i/. 5^., half-bound. 

Mathematical Instruments. 

MATHEMATICAL INSTRUMENTS: Their Construction, 
Adjustment, Testing, and Use ; coinprising Drawing, Measuring, 
Optical, Surveying, and Astronomical Instruments. By J. F. 
Heather, M.A. Enlarged Edition. i2mo, 5^. cloth. 
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SCIENCE AND ART. 



Gold and Gold-Working. 

THE GOLDSMITH'S HANDBOOK : containing full instruc- 
tions for the Alloying and Working of Gold. Including the Art of 
AUoying, Melting, Reducing, Colouring, Collecting and Refining. 
Chemical and Physical Properties of Gold, with a new System of 
Mixing its Alloys ; Solders, Enamels, &c. By George E. Gee, 
Second Edition, enlarged. i2mo, 3J. dd. cloth. 

" The best work yet printed on its subject for a reasonable price." — Jeweller. 

" Essentially a practical manual, well adapted to the wants of amateurs and 
apprentices, containing trustworthy information that only a practical man can 
supply." — English. Mechanic, 

Silver and Silver Working. 

THE SILVERSMITH'S HANDBOOK, containing full In- 
structions for the Alloying and Working of Silver. Including the 
different Modes of Refining and Melting the Metal, its Solders, the 
Preparation of Imitation Alloys, &c. By G. E. Gee. i2mo, 3^. dd. 
" The chief merit of the work is its practical character. The workers in the trade 
will speedily discover its merits when they sit down to study it." — English Mechanic, 

Hall-Marking of Jewellery. 

THE HALL-MARKING OF JEWELLERY PRACTICALLY 
CONSIDERED, comprising an account of all the different Assay 
Towns of the United Kingdom-; with the Stamps at present 
employed ; also the Laws relating to the Standards and Hall- 
Marks at the various Assay Offices ; and a variety of Practical 
Suggestions concerning the Mixing of Standard Alloys, &c. By 
George E. Gee. Crown 8vo, 5^. cloth. \Just published. 

Electro-Plating, &c. 

ELECTROPLATING: A Practical Handbook. By J. W. 
Urquhart, C.E. Crown 8vo, t,s. cloth. 
"Any ordinarily intelligent person may become an adept in electro-deposition 
with a very little science indeed, and this is the book to show the -nxi"— Builder. 

Electrotyping, &c. 

ELECTROTYPING : A Practical Manual on the Reproduction 
and Multiplication of Printing Surface's and Works of Art by the 
Electro-deposition of Metals. By' J. W. Urquhart, C.E. 
Crown 8vo, 5^. cloth. 
' 'A guide to beginners and those who practise the old and imperfect methods, " — Iron. 

Electro-P latznp'', 

ELECTRO-METALLURGY PRACTICALLY TREATED. 
By Alexander Watt, F.R.S.S.A. Including the Electro- 
Deposition of Copper, Silver, Gold, Brass and Bronze, Platinum, 
Lead, Nickel, Tin, Zinc, Alloys of Metals, Practical Notes, &c., 
&c. Seventh Edition, Revised and Enlarged, including the most 
recent Processes. i2m.o,'ij,s.^d, cloth. 
" From this book both amateur ind artisan may learn everything necessary for 

the successful prosecution of electroplating." — Iron. 
" A practical treatise for the use of those who desire to work in the art of electro- 

depositioq as ^ 'hvsva^si."— English Mechanic, 
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Dentistry. 

MECHANICAL DENTISTRY. A Practical Treatise on the 
Construction of the various kinds of Artificial Dentures. Com- 
prising also Useful Formulae, Tables, and Receipts for Gold 
Plate, Clasps, Solders, etc., etc. By Charles Hunter. Second 
Edition, Revised ; including a new chapter on the use of Celluloid. 
With over lOO Engravings. Cr. 8vo, 'Js. 6d. cl. \jfust published. 

" An authoritative treatise, which we can strongly recommend to all students." — 
Djidlm Journal of Medical Science. 

" The best book on the subject with which we are acquainted," — Medical Prese. 

Electricity. 

A MANUAL of ELECTRICITY ; including Galvanism, Mag- 
netism, Diamagnetism, Electro-Dynamics, Magneto-Electricity, and 
the Electric Telegraph. By Henry M. Noad, Ph.D., F.C.S. 
Fourth Edition, with 500 Woodcuts. 8vo, i/. 4J. cloth. 
" The accounts given of electricity and galvanism are not only complete in a scientific 
ense, but, which is a rarer thing, are popular and interesting." — Lancet. 

Text-Book of Electricity. 

THE STUDENT'S TEXT-BOOK OF ELECTRICITY. By 
Henry M. Noad, Ph.D., F.R.S., &c. New Edition, Revised. 
With an Introduction and Additional Chapters by W. H. Preece, 
M.I.C. E., Vice-President of the Society of Telegraph Engineers, 
&c. With 470 Illustrations. Crown 8vo, I2J. 6d. cloth. 
''A reflex of the existing state of Electrical Science adapted for students."— 
W. H. Preece, Esq., vide " Introduction." 

" We can recommend Dr. Noad's book for clear style, great range of subject, a 
good index, and a plethora of woodcuts. Such collections as the present are indis- 
pensable." — Ailiencium. 

" An admirable text-book for every student — beginner or advanced— of electricity." 
—JE^n^ifieerin^. 

" Recommended to students as one of the best text-books on the subject that they 
can have. Mr. Preece appears to have introduced all the newest inventions in the shape 
of telegraphic, telephonic, and electric-lighting apparatus." — English Mechanic. 

"Under the editorial hand of Mr. Preece the late Dr. Noad's text-book of elec- 
tricity has grown into an admirable handbook." — Westminster Review. 

Electric Lighting. 

ELECTRIC LIGHT : Its Production and Use, embodying plain- 
Directions for the Working of Galvanic Batteries, Electric Lamps, 
and Dynamo-Electric Machines. By J. W. Urquhart, C.E., 
Author of "Electroplating." Edited by F. C. Webb, M.LC.E., 
M.S.T.E. With 94 Illustrations. Crown 8vo, 7j. 6rf. cloth. 
"The book is by far the best that we have yet met with on the subject." — Aikentsum, 
" An important addition to the literature of the electric light. Students of the 
subject should not fail to read it." — Colliery Guardian. 

Lightning, &c. 

THE ACTION of LIGHTNING, and the MEANS of DE- 
FENDING LIFE AND PROPERTY FROM ITS EFFECTS. 
By Arthur Parnell, Major in the Corps of Royal Engineers.' 
1 2 mo, 7 J. dd. cloth. 
" Major Parnell has written ail original work on a scientific subject of unusual inte- 
rest ; and he has prefaced his arguments by a patient and almost exhaustive citation 
of the best writers on the subject in the English language." — Athenauin. 
" The work comprises all that is actually known on the subject." — Land. 
" Major Parnell's measures are based on the results of experience A valuable 
repertoire of facts and principles arranged in a scientific lotm.— Building News 
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The Alkali Trade — Sulphuric Acid, &c. 

A MANUAL OF THE ALKALI TRADE, including thft 
Manufacture of Sulphuric Acid, Sulphate of Soda, and Bleaching 
Powder. By John Lomas, Alkali Manufacturer, Newcastle-upon- 
Tyne and London. With 232 Illustrations and Working Draw- 
ings, and containing 386 pages of text. Super-royal 8vc, 
2/. 12^. 6^. cloth. 

This work provides (i) a Comjtlete Handhook for inie^iding Alkali and SulpJmri 
Acid Manufacturers^ and for those already in the field who desire to improve their 
plant, or to becojne practically acquainted with the latest processes and development 
of the tradg, ; (2) a Handy Volume which Matmfacturers can put into the hands o 
their Managers and Foremen as a useful gTtide in their daily 7-ounds of duty. 

Synopsis of Contents. 

IX. Carbonating or Finishing— X. So(?a 
Crystals — XL Refined Alkali — XIJ. 
Caustic Soda — XIII. Bi-carbonate cf 
Soda — XIV. Bleaching Powder— XV. 
Utilisation of Tank Waste— XVI. General 
Remarks — Four Apiiendices, treating cf 
Yields, Sulphuric Acid CalculationSj Ane - 
mometerS) and Foreign Legislation upc n 
the Noxious Vapours Question. 



Chap. I. Choice of Site and General 
Plan of Works — II. Sulphuric Acid — 
Illi RecoVery of the Nitrogen Com- 
pounds, and Treatment of Small Pyrites 
—IV, The. Salt Cake Process— V. Legis- 
lation upon thej Noxious Vapours Ques- 
tion — ^VI. The Hargreaves' and Jones' 
Processes — VII. The Balling Process — 
VIII. Lixiviation and Salting Down — 

" The author has given the fullest, most practical, and, to all concerned in the 
alkali trade,- most valuable mass of information that, to our knowledge, has been 
published in any language." — Engineer. 

" This book is written by a manufacturer for manufacturers. The working details 
of the most approved forms of apparatus are given, and these are accompanied by 
no less than 232 wood engravings, all of which may be used for the purposes of con- 
struction. Every step in the manufacture is very fully described in this manual, and 
each improvement explained. Everything which tends to introduce economy into 
the technical details of this trade receives the fullest attention. The book has been 
produced with great completeness." — Athen^uvt. 

"The author is not one of those clever compilers who, on short notice, will 'read 
up' any conceivable subject, but a practical man in the best sense of the word. We 
find here not merely a sound and luminous explanation of the chemical principles of 
the trade, but a notice of numerous matters which have a most important bearing 
on the successful conduct of alkali works, but which are generally overlooked by 
even the most experienced technological authors. This most valuable book, which 
we trust will be generally appreciated, we must pronounce a credit aUke to its author 
and to the enterprising firm who have undertaken its publication." — Chemical 
Review. 

Chemical Analysis, 

THE COMMERCIAL HANDBOOK of CHEMICAL ANA- 
LYSIS ; or Practical Instructions for the determination of the In- 
trinsic or Commercial Value of Substances used in Manufactures, 
in Trades, and in the Arts. By A. Normandy, Author of " Prac- 
tical Introduction to Rose's Chemistry," and Editor of Rose's 
" Treatise on Chemical Analysis." New Edition, Enlarged, and 
to a great extent re-written, by Henry M. Noad, Ph. D., F.R.S. 
With numerous Illustrations. Cr. 8vo, 12s. 6d. cloth. 

"We recommend this book to the careful perusal of everyone; it maybe truly 
affirmed to be of universal interest, and we strongly recommend it to our readers as a 
guide, alike indispensable to the housewife as to the pharmaceutical practitioner. " — 
Medical Times. 

"Essential to the analysts appointed under the new Act. The most recent results 
are given, and the work is well edited and carefully written- "-^iiVi?/«;r. 
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Dr. Lardners Museum of Science and Art. 

THE MUSEUM OF SCIENCE AND ART. Edited by 
DiONYSius Lardnkr, D.C.L., formerly Professor of Natural Phi- 
losophy and Astronomy in University College, London. With up- 
wards of 1200 Engravings, on Wood. In 6 Double Volumes. 
Price £\ \s., in a new and elegant cloth binding, or handsomely 
bound in half morocco, 3IJ. dd. 

OPINIONS OF THE PRESS. 

*' This series, besides affording popular but sound instruction on scientific subjects, 
witli whicll the humblest man in the country ought to be acquainted, also undertakes 
that teaching of * common things ' which every well-wisher of his kind is ^nxious to 
promote. Many thousand copies of this serviceable publication have been printed, 
in the belief and hope that the desire for instruction and improvement widely pre- 
vails ; and we have no fear that such enlightened faith will meet with disappoint- 
ment" — Times. 

** A cheap and interesting publication, alike informing and attractive. The papers 
combine subjects of importance and great scientific knowledge, considerable induc- 
tive powers, and a popular style of treatment." — Spectator. 

"The 'Museum of Science and Art' is the most valuable contribudon that has 
ever been made to the Scientiiic Instruction of every class of society." — Sir David 
Brewster in the North British Review. 

*' Whether we consider the liberality and beauty of the illustrations, the charm of 
the writing, or the durable interest of the matter, we must express our belief that 
there is hardly to be found among the new books, one that would be welcomed by 
people of so many ages and classes as a valuable present," — Examiner. 

*,* Separate hooks formed from the aiove, suitable for WorkmetCs 
Libraries, Science Classes, &'c, 

COMMON THINGS EXPLAINED. Containing Air, Earth, Fire, 
Water, Time, Man, the Eye, Locomotion, Colour, Clocks and 
Watches, &c. 233 Illustrations, cloth gilt, 5^. 

THE MICROSCOPE. Containing Optical Images, Magnifying 
Glasses, Origin and Description of the Microscope, Microscopic 
Objects, the Solar Microscope, Microscopic Drawing and Engrav- 
• ing, &c. 147 Illustrations, cloth gilt, 2s. 

POPULAR GEOLOGY. Containing Earthquakes and Volcanoes, 
the Crust of the Earth, etc. 201 Illustrations, cloth gilt, 2s. 6d. 

POPULAR PHYSICS. Containing Magnitude and Minuteness, the 
Atmosphere, Meteoric Stones, Popular Fallacies, Weather Prog- 
nostics, the Thermometer, the Barometer, Sound, &c. 85 Illus- 
trations, cloth gilt, 2s. 6d. 

STEAM AND ITS USES. Including the Steam Engine, the Lo- 
comotive, and Steam Navigation. 89 Illustrations, cloth gilt, 2s. 

POPULAR ASTRONOMY. Containing How to Observe the 
Heavens. The Earth, Sun, Moon, Planets. Light, Comets, 
Eclipses, Astronomical Influences, &c. 182 Illustrations, 4s. 6d. 

THE BEE AND WHITE ANTS : Their Manners and Habits. 
With Illustrations of Animal Instinct and Intelligence. 135 Illus- 
trations, cloth gilt, 2s. 

THE ELECTRIC TELEGRAPH POPULARISED. To render 
intelligible to all who can Read, irrespective of any previous Scien- 
tific Acquirements, the various forms of Telegraphy in Actual 
Operation, lOO Illustrations, cloth gilt, is, 6d, 
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Dr. Lardner's Handbooks of Natural Philosophy. 

*♦* The following five volumes^ though each is Complete in itself and to he pur- 
chased separately^ fonn A Complete Course of Natural Philosophy, and are 
intended for the general reader who desires to attain accurate knowledge of the 
various departments of Physical Science, without pursuing them according to the 
more pro/bund methods of mathematical investigation. Th^ style is studiously 
popular. It has been the autlior's aim to supply Manuals such as are required by 
the Student^ the Engineer ^ the Artisan^ and the superior classes in Schools. 

THE HANDBOOK OF MECHANICS. Enlarged and almost 
rewritten by Benjamin Loewy, r,R.A.S. With 378 Illustra- 
tions. Post 8vo, 6s, cloth. 
" The perspicuity of the original Has been retained, and chapters which had 
become obsolete, have been replaced by others of more modern character. The 
explanations^ throughout are studiously pojpular, and care has been taken to show 
the application of the various branches of physics to the industrial arts, and to 
the practical business of life." — Mining ^^oumal. 

THE HANDBOOK of HYDROSTATICS and PNEUMATICS. 
New Edition, Revised and Enlarged by Benjamin Loewy, 
F.R.A.S. With 236 Illustrations. Post 8vo, S-f. cloth. 
" For those ' who desire to attain an accurate knowledge of physical science with- 
out tihe profound methods of mathematical investigation,' this work is not merely in- 
tended, but well adapted." — Chemical News. 

THE HANDBOOK OF HEAT. Edited and almost entirely 
Rewritten by Ben'jamin Loewy, F.R.A.S., etc. 117 Illustra- 
tions. Post 8vo, ()s. cloth. 
'* The style is alwa^rs clear and precise, and conveys instruction without leaving 
any cloudiness or lurking doubts behind." — Engineering. 

THE HANDBOOK OF OPTICS. New Edition. Edited by 
T. Olver Harding, B. A. 298 Illustrations. Post 8vo, 5j. cloth. 
' ' Written by one of tiie ablest English scientiiic writers, beautifully and elaborately 
illustrated. " — Mechanics' Magazine. 

THE HANDBOOK OF ELECTRICITY, MAGNETISM, and 

ACOUSTICS. New Edition. Edited by Geo. Carey Foster, 

B.A., F.C.S. With 400. Illustrations. Post 8vO; 5^. cloth. 

" The book could not have been entrusted to anjr one better calculated to preserve 

the terse and lucid style of Lardner, while correcting his errors and bringing up his 

work to the present state of scientific knowledge." — Popular Science Review. 

Dr. Lardner s Handbook of Astronomy. 

THE HANDBOOK OF ASTRONOMY. Forming a Com- 
panion to the " Handbooks of Natural Philosophy." By DlONY- 
sius Lardner, D.C.L. Fourth Edition. Revised and Edited by 
Edwin Dunkin, F.R.S., Royal Observatory, Greenwich. With 
38 Plates and upwards of 100 Woodcuts. In i vol., small 8vo, 
550 pages, 9J. ()d., cloth. 
" Probably no other book contains the same amount of information in so com- 
pendious and well-arranged a form — certainly none at the price at which this is 
offered to the public." — Aiheni^^im, 

*' We can do no other than pronounce this work a most valuable manual of astro- 
nomy, and we strongly recommend it to all who wish to acquire a general — but at 
the same time correct— acquaintance with this sublime saeaee."— Quarterly jfounial 
0/ Science. 

Dr. Lardnet^s Handbook of Animal Physics. 

THE HANDBOOK OF ANIMAL PHYSICS. By Dr. 
Lardner. With 520 Illustrations. New edition, small 8vo, 
cloth, 732 pages, Is. 6d. 
" We have no hesitation in gordially recommending it." — Editceitional Times. 
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Dr. Lardner's School Handbooks. 

NATURAL PHILOSOPHY FOR SCHOOLS. By Dr. Lardner. 

328 Illustrations. Sixth Edition. I vol. y. bd. cloth. 
" Conveys, in clear and precise terms, general notions of all the principal divisions 
of Physical Science." — British Quarterly Review. 

ANIMAL PHYSIOLOGY FOR SCHOOLS. By Db. Lahdner. 

With 190 Illustrations. Second Edition, i vol. 3^. (>d. cloth. 
"Clearly written,well arranged, and excellently illustrated." — Gardeners' ChronicU. 

Dr. Lardner's Electric Telegraph. 

THE ELECTRIC TELEGRAPH. By Dr. Lardner. New 
Edition. Revised and Re-viritten, by E. B. Bright, F.R. A. S. 
140 Illustrations. Small 8vo, 2s. 6d. cloth. 
** One bf the most readable books extant on the Electric Telegraph." — Ettg. Mechanic. 

Mollusca. 

A MANUAL OF THE MOLLUSCA ; being a Treatise on 
Recent and Fossil Shells. By Dr. S. P. Woodward, A.L.S. 
With Appendix by Ralph Tate, A.L.S., F.G.S. With numer- 
ous Plates and 300 Woodcuts. 3rd Edition. Cr. 8vo, "js. 6d. cloth. 

Geology and Genesis. 

THE TWIN RECORDS OF CREATION ; or, Geology and 
Genesis, their Perfect Harmony and Wonderful Concord. By 
George W. Victor leVaux. Fcap. Svo, t,s. cloth. 

*' A valuable contribution to the evidences of revelation, and disposes very conclu- 
sively of the arguments of those who would set God's Works against God's Word. 
No real difficulty is shirked, and no sophistry is left unexposed." — TJie Reck. 

Science and Scripture. 

SCIENCE ELUCIDATIVE OF SCRIPTURE, AND NOT 
ANTAGONISTIC TO IT; being a Series of Essays on— i. 
Alleged Discrepancies ; 2. The Theory of the Geologists and 
Figure of the Earth ; 3. The Mosaic Cosmogony ; 4. Miracles in 
general — Views of Hume and Powell ; J. The Miracle of Joshua — 
Views of Dr. Colenso, &c. By Prof. J. R, Young. Fcap. 5^. cloth. 

Geology. 

A CLASS-BOOK OF GEQLOGY : Consisting of "Physical 
Geology," which sets forth the Leading Principles of the Science ; 
and "Historical Geology, " which treats of the Mineral and Organic 
Conditions of the Earth at each successive epoch, especial reference 
being made to the British Series of Rocks. By Ralph Tate. 
With more than 250 Illustrations. Fcap. Svo, Sj. cloth. 

Practical Philosophy. 

A SYNOPSIS OF PRACTICAL PHILOSOPHY. By Rev. 
John Carr, M.A., late Fellow of Trin. Coll., Camb. i8mo, 5^. cl. 

Pictures and Painters. 

THE PICTURE AMATEUR'S HANDBOOK AND DIC- 
TIONARY OF PAINTERS : A Guide for Visitors to Picture 
Galleries, and for Art-Students, including methods of Painting, 
Cleaning, Re-Lining, and Restoring, Principal Schools of Painting, 
Copyistsandlmitators, ByPniLlPPEDARYL, B.A. Cr.8vo,3J.6a'.(;l, 
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Clocks, Watches, and Bells. 

RUDIMENTARY TREATISE on CLOCKS, and WATCHES, 
and BELLS. By Sir Edmund Beckett, Bart., LL.D., Q.C., 
F.R.A.S. Seventh Edition, revised and enlarged. Limp doth 
(No. 67, Weale's Series), 4r. 61/.; cl.bds. t^s.dd. \yust published. 

"The best work on the subject probably extant. The treatise on bells is un- 
doubtedly the best in the language, " — Engineering. 

"The only modem treatise on clock-making." — Horological Journal, 

The Construction of the Organ. 

PRACTICAL ORGAN-BUILDING. By W. E. Dickson, 

M. A., JPrecentor of Ely Cathedral. Second Edition, revised, with 

Additions. i2mo, 3^. cloth boards. \just published. 

" In many'respects the book is the best that has yet appeared on the subject. We 

cordially recommend it." —English Mechanic, 

"The amateur builder will find in this book all that is necessary to enable him 
personally to construct a perfect organ with his own hands." — Academy. 

Brewing. 

A HANDBOOK FOR YOUNG BREWERS. By Herbert 
Edwards Wright, B.A. Crown Svo, %s. 6d. cloth. 

" A thoroughly scientific treatise in popular language.") — Morning Advertiser. 
*' We would particularly recommend teachers of the art to place it in every pupil's 
hands, and we feel sure its perusal will be attended with advantage." — Brewer. 

Dye- Wares and Colours. 

THE MANUAL of COLOURS and DYE-WARES: their 
Properties, Applications, Valuation, Impurities, and Sophistications. 
For the Use of Dyers, Printers, Drysalters, Brokers, &c. ' By J. 
W. Slater. Second Edition. Re-written and Enlarged. Crown 
Svo, 7J. td. cloth. [Just published. 

Grammar of Colouring. 

A GRAMMAR OF COLOURING, applied to Decorative 
Painting and the Arts. By George Field. New edition. By 
Ellis A. Davidson. i2mo, y. 6d. cloth. 

Woods and Marbles {Imitation of). 

SCHOOL OF PAINTING FOR THE IMITATION OF 
WOODS AND MARBLES, as Taught and Practised by A. R. 
and P. Van der Burg. With 24 full-size Coloured Plates ; also 
12 Plain Plates, comprising 154 Figures. Folio, 2/. 12s. 6d. bound. 

The Military Sciences. 

AIDE-MEMOIRE to the MILITARY SCIENCES. Framed 
from Contributions of Officers and others connected with the dif- 
ferent Services. Originally edited by a Committee of the Corps of 
Royal Engineers. 2nd Edition, revised; nearly 350 Engravings, 
and many hundred Woodcuts. 3 vols, royal Svo, cloth, 4/, \os. 

Field Fortification. 

A TREATISE on FIELD FORTIFICATION, the ATTACK 
of FORTRESSES, MILITARY MINING, and RECON- 
NOITRING. By Colonel I. S. Macaulay, late Professor 01 
Fortification in the R. M. A., Woolwich. Sixth Edition, crown 
Svo, cloth, with separate Atlas of 12 Plates, izr. complete. 
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Delamott^ s Works on Illumination & Alphabets. 

A PRIMER. OF THE ART OF ILLUMINATION j for the 
use of Beginners : with a Rudimentary Treatise on the Art, Prac- 
tical Directions for its Exercise, and numerous Examples taken 
from Illuminated MSS., printed in Gold and Colours. By F. Dela- 
MOTTE. Small 4to, <js. Elegantly bound, cloth antique. 
" The examples of ancient MSS. recommeAded to the student, which, with much 

^ood sense, the author chooses from collections accessible to all, are selected with 

judgment and knowledge, as well as taste." — Athausum^ 

ORNAMENTAL ALPHABETS, ANCIENT and MEDIAEVAL j 
from the Eighth Century, with Numerals ; including Gothic, 
Church-Text, German, Italian, Arabesque, Initials, Monograms, 
Crosses, &c. Collected and engraved by F. Delamqtte, and 
printed in Colours. New and Cheaper Edition. Royal 8vo, 
oblong, 2.S, 6d. ornamental boards. 
" For those who insert enamelled sentences round gilded chalices, who bla2on shop 

legends over shop-doors, who letter church walls with pithy sentences from the 

Decalogue, this book will be usefuL" — Atheneeum. 

EXAMPLES OF MODERN ALPHABETS, PLAIN and ORNA- 
MENTAL; including German, Old English, Saxon, Italic, Per- 
spective, Greek, Hebrew, Court Hand, Engrossing, Tuscan, 
Riband, Gothic, Rustic, and Arabesque, &c., &c. Collected and 
engraved by F. Delamotte, and printed in Colours. New and 
Cheaper Edition. Royal 8vo, obloi^, 2s. 6d. ornamental boards. 
' ' There is comprised in it every possible shape into which the letters of the alphabet 

and numerals can be iorm^A.**^rStandard. 

MEDIEVAL ALPHABETS AND INITIALS FOR ILLUMI- 
NATORS. By F. Delamotte. Containing zi Plates, and 
Illuminated Title, printed in Gold and Colours. With an Intro- 
duction by J. Willis Brooks. Small 4to, (ts, cloth gilt. 

THE EMBROIDERER'S BOOK OF DESIGN ; containing Initials, 
Emblems, Cyphers, Monograms, Ornamental Borders, Ecclesias- 
tical Devices, Mediaeval and Modem Alphabets, and National 
Emblems. Collected and engraved by F. Delamotte, and 
printed in Colours, Oblong royal 8vo, is. 6J. ornamental wrapper. 

Wood- Carving. 

INSTRUCTIONS in WOOD-CARVING, for Amateurs; with 
Hints on Design. By A Lady. In emblematic wrapper, hand- 
somely printed, with Ten large Plates, 2s. 6d. 

" The handicraft of the wood-carver, so well as a book can impart it, may be learnt 
rom * A Lady's * publication." — Atheneeum. 

Popular Work on Painting. 

PAINTING POPULARLY EXPLAINED; with Historical 

Sketches of the Progress of the Art. By Thomas John Gullick, 

Painter, and JOHN TiMBS, F.S.A. Fourth Edition, revised and 

enlarged. With Frontispiece and Vignette. Insmall8vo,5.f. 6i^. cloth. 

*,* This Work has ieen adopted as a Prize-book in the Schools of 

Art at South JCensington. 

" Contains a large amount of original matter, agreeably conveyed. " — Builder. 

'* Much may be learned, even by those who fancy they do not require to be taught, 

froin the careful perusal of ^ unpretending but compreheDsive tr^tise, "—Art jfiatmal. 
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AGRICULTURE, GARDENING, ETC. 
Youatt and Buries Complete Grazier. 

THE COMPLETE GRAZIER, and FARMER'S and CATTLE. 
BREEDER'S ASSISTANT. A Compendium of Husbandry. 
By William Youatt, Esq., V.S. 12th Edition, very con- 
siderably enlarged, and brought up to the present requirements of 
agricultural practice. By Robert Scott Burn. One large 8vo. 
volume, 860 pp. with 244 Illustrations. l/. is. half-bound. 

'* The standard and text-book, with the fanner and grazier." — Farmet's Magazine. 

*' A treatise which Will remain a standard worlc on the subject as long as British 
agriculture endures." — Mark Lane Express. 

History, Structure, and Diseases of Sheep. 

SHEEP ; THE HISTORY, STRUCTURE, ECONOMY, 
AND DISEASES OF. By W. C. Spooner, M.R.V.C, &c. 
Fourth Edition, with fine engravings, including specimens of New 
and Improved Breeds. 366 pp., 4?. cloth. 

Production of Meat. 

MEAT PRODUCTION. A Manual for Producers, Distributors, 
and Consumers of Butchers' Meat. Being a treatise on means of 
increasing its Home Production. Also treating of the Breeding, 
Rearing, Fattening, and Slaughtering of Meat-yielding Live Stock j 
Indications of the Quality, etc. By John Ewailt. Cr. 8vo, Sj. cloth. 
" A compact and handy volume on the meat question, which deserves serious and 
thoughtful consideration at the present time." — Meat and Provision Traded Review. 

Donaldson and Burns Suburban Farming. 

SUBURBAN FARMING. A Treatise on the Laying Out and 
Cultivation of Farms adapted to the produce of Milk, Butter and 
Cheese, Eggs, Poultry, artd Pigs. By the late Professor John 
Donaldson. With Additions, Illustrating the more Modem Prac- 
tice, byR. Scott Burn. i2mo, 4J. cloth boards. 

English Agriculture. 

THE FIELDS OF GREAT BRITAIN. A Text-book of 
Agriculture, adapted to the Syllabus of the Science and Art 
Department. For Elementary and Advanced Students. By 
Hugh Clements (Board .of Trade). With an Introduction by 
H. Kains-Jackson. i8mo, 2s. 6d. cloth. 

*' A clearly written description of the ordinary routine of English farm-life." — Land. 

"A carefully written text-book of Agriculture." — Athemeitm. _ {Economist. 

"A most compreheniive volume, giving amass of information."— -.(4^2V«//«ra/ 

Modern Farming. 

OUTLINES OF MODERN FARMING. By R. Scott Burn. 
Soils, Manures, and Crops — Farming and Farming Economy — 
Cattle, Sheep, and Horses — Management of the Dairy, Pigs, and 
Poultry— UtiHsation of Town Sewage, Irrigation, &c. New Edition. 
In 1 vol. 1250 pp., half-bound, profusely illustrated, I2J. 
" There is sufficient stated within the limits of this treatise to prevent a farmer 
from going far wrong in any of his operations." Observer, 



30 WORKS IN AGRICULTURE, GARDENING, ETC., 

The Management of Estates. 

LANDED ESTATES MANAGEMENT: Treating of the 
Varieties of Lands, Methods of Farming, Farm Building, Irrigation, 
Drainage, &c. By R. ScoTT Burn. i2mo, 3^. cloth. 
*' A complete and comprehensive outline of tlie duties appertaining to the manage- 
ment of landed estates." — yoztmal of Forestry, 

The Management of Farms. 

OUTLINES OF FARM MANAGEMENT, and the Organiza- 
tion of Farm Labour. Treating of the General Work of the Farm, 
Field, and Live Stock, Details of Contract Work, Specialties of 
Labour, Economical Management of the Farmhouse and Cottage, 
Domestic Animals, &c. By Robert Scott Born. i2mo, 3^. 

Management of Estates and Farms. 

LANDED ESTATES AND FARM MANAGEMENT. By 
R. Scott Burn. (The above Two Works in One Vol.) 6s. 

Hudson's Tables for Land Valuers. 

THE LAND VALUER'S BEST ASSISTANT: bemg Tables, 
on a very much improved Plan, for Calculating _the Value oi 
Estates. With Tables for reducing Scotch, Irish, and Provincial 
Customary Acres to Statute Measure, &c. By R. HUDSON, C.E. 
New Edition, royal 32mo, leather, gilt edges, elastic band, 4J. 

Ewart's Land Improver's Packet-Book. 

THE LAND IMPROVER'S POCKET-BOOK OF FOR- 
MULA, TABLES, and MEMORANDA, required in any Com- 
p'utation relating to the Permanent Improvement of Landed Pro- 
perty. By John Ewart, Land Surveyor. 32mo, leather, 4J. 

Complete Agricultural Surveyor's Pocket-Book. 

THE LAND VALUER'S AND LAND IMPROVER'S COM- 
PLETE POCKET-BOOK ; consistmg of the above two works 
bound together, leather, gilt edges, with strap, ^s. ()d. 
" We consider Hudson's book to be the best ready-reckoner on matters relating to 
the valuation of land and crops we have ever seen, and its combination with Mr. 
Ewart's work greatly enhances the value and usefulness of the latter-mentioned. — 
It is most useful as a manual for reference." — North 0/ England Partner. 

Grafting and Budding. 

THE ART OF GRAFTING AND BUDDING. By Charles 
Baltet. Translated from the French. With upwards of 180 
Illustrations. l2mo, 3^. cloth boards. \Just published. 

Culture of Fruit Trees. 

FRUIT TREES, the Scientific and Profitable Culture of. In- 
cluding Choice of Trees, Planting, Grafting, Training, Restoration 
of Unfruitful Trees, &c. From the French of Du Breuil. Third 
Edition, revised. With an Introduction by George Glenny. 4r.cl. 
*' The book teaches how to prune and train fruit-trees to perfection." — Field. 

Potato Culture. 

POTATOES, HOW TO GROW AND SHOW THEM; A 
Practical Guide to the Cultivation and General Treatment of the 
Potato. By James Pink. With lUuatrations, Cr. 8vo, 2s. cl. 
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Good Gardening. 

A PLAIN GUIDE TO GOOD GARDENING; or, How to 

Grow Vegetables, Fruits, and Flowers. With Practical Notes on 

Soils, Manures, Seeds, Planting, Laying-out of Gardens and 

.. ^Grounds, &c. By S. Wood. Third Edition. Cr. 8vo, t,s. cloth. 

-^ Tery eood book, and one to be highly recommended as a practical guide. 

The practical directions are excellent."— ^/Ae»/»»»j. 

Gainful Gardening, 

MULTUM-IN-PARVO GARJDENING; or. How to make One 
Acre of Land produce £,(>Qa a year, by the Cultivation of' Fruits 
and Vegetables ; also. How to Prow Flowers in Three Glass 
Houses, so as to realise £\^(> per annum clear Profit. By Samuel 
Wood. 3rd Edition, revised. Cr. 8vo, is. cloth. 
" We are bound to recommend it as not only suited to the case of the amateur and 
gentleman's gardener, but to the market grower." — Gardener's Magazine. 

Gardening for Ladies. 

THE LADIES' MULTUM-IN-PARVO FLOWER GARDEN, 
and Amateur's Complete Guide. By S. Wood. Cr. 8vo, 3^. td. 

Bulb Culture. 

THE BULB GAPDEN, or. How to Cultivate Bulbous and 
Tuberous-rooted Flowering Plants to Perfection. By Samuel 
Wood. Coloured Plates. Crown 8vo, 3J-. bd. cloth. 

Tree Planting. 

THE TREE PLANTER AND PLANT PROPAGATOR: 
A Practical Manual on the Propagation of Forest Trees, Fruit 
Trees, Flowering Shrubs, Flowering Plants, Pot Herbs, &c. 
Numerous Illustrations. By Samuel Wood. i2mo, 2s. (sd. cloth. 

Tree Pruning. 

THE TREE PRUNER : A Practical Manual on the Pruning of 
Fruit Trees, their Training and Renovation ; also the Pruning of 
Shrubs, cumbers, &c. By S. Wood. i2mo, 2s. 6d. cloth. 

Tree Planting, Pruning, & Plant Propagation. 

THE TREE PLANTER, PROPAGATOR, AND PRUNER. 
By Samuel Wood, Author of " Good Gardening," &c. Consisting 
of the above Two Works in One Vol., 5^. half-bound. 

Early Fruits, Flowers and Vegetables. , 

THE FORCING GARDEN : or. How to Grow Early Fruits, 
Flowers, and Vegetables. With Plans and Estimates for BuUding 
Glasshouses, Pits, Frames, &c. By S. Wood. Crown 8vo, y. td. 

Market Gardening, Etc. 

THE KITCHEN AND MARKET GARDEN. By Con- 
tributors to "The Garden." Compiled by C. W. Shaw, Editor 
of " Gardening Illustrated." l2mo, 3^. dd, cl. bds. [yust published. 

Kitchen Gardening. 

KITCHEN GARDENING MADE EASY. Showing how to 
prepare and lay out the ground, the best means of cultivating every 
known Vegetable and Herb, etc. By G. M, F. Glenny. i2mo, zs. 



Bankruptcy — Bills of Exchange — 
Contracts and Agreements — Copy- 
right—Dower AND Divorce — Elec- 
tions AND Registration — Insurance 
— Libel and Slander — Mortgages— 

Also Law for Landlord and Tenant — 
Master and Servant — Workmen and Ap- 
prentices — Heirs, Devisees, and Lega- 
tees — Husband and Wife — Executors 



32 WORKS PUBLISHED BY CROSBV LOCKWOOD & CO. 

'A Complete Epitome of the Laws of this Country.' 

EVERY MAN'S OWN LAWYER; a Handy-Book of the Prin- 
ciples of Law and Equity. By A Barrister. New Edition. 
Corrected to the end of last Session. Embracing upwards of 
3,500 Statements on Points of Law, Verified by the addition of 
Notes and References to the Authorities. Crown 8vo, cloth, 
price 6j. id. (saved at every consultation). 
COMPRISING THE RIGHTS AND WRONGS OF INDIVIDUALS, MERCANTILE 
AND COMMERCIAL LAW, CRIMINAL LAW, PARISH LAW, COUNTY COURT 
LAW, GAME AND FISHERY LAWS, POOR MEN'S LAW, THE LAWS OF 

Settlements — Stock Exchange Prac- 
tice— Trade Marks and Patents — 
Trespass, Nuisances, etc, — Transfer 
OP Land, etc. —Warranty — Wills 
and Agreements, etc. 
—Friendly Societies— Clergymen, Church- 
wardens — Medical Practitioners, &c. — 
Bankers — Farmers — Contractors — Stock 
, and Share Brokers — Sportsmen and Game- 
and Trustees — Guardian and Ward — | keepers — Farriers and ' Horse-Dealers — 
Married Women and Infants — Partners , Auctioneers, House-Agents — Innkeepers, 
and Agents — Lender and Borrower — &c.— Pawnbrokers — Surveyors — R^- 
Debtor and Creditor — Purchaser and ways and Carriers, &c., &c. 
Vendor — Companies and Associations 

" No Englishman ought to be without this book." — Engineer. 
" What it professes to be — a complete epitome of the laws of this country, thoroughly 
intelligible to non-professional readers. The book is a handy one to have in readiness 
when some knotty point requires ready solution." — Bell's Life. 
" A useful and concise epitome of the law." — Law Magazine. 

Auctioneer's Assistant. 

THE APPRAISER, AUCTIONEER, BROKER, HOUSE 
AND ESTATE AGENT, AND VALUER'S POCKET AS- 
SISTANT, for the Valuation for Purchase, Sale, or Renewal of 
Leases, Annuities, and Reversions, and of property generally; 
with Prices for Inventories, &c. By John, Wheeler, Valuer, &c. 
Fourth Edition, enlarged, by C. Norris. Royal 32mo, cloth, 5^. 
*' A concise book of reference, containing a clearly- arranged list of prices for 
inventories, a practical guide to determine the value of furniture, &c" — Standard. 

A uctioneering. 

AUCTIONEERS : THEIR DUTIES AND LIABILITIES. 
By Robert Squibbs, Auctioneer. Demy 8vo, \os. 6d. cloth. 
" Every auctioneer and valuer ought to possess a copy of this valuable v/ork." — 
House Property. {.ironmonger. 

HANDBOOK OF PIOUSE PROPERTY : a Popular and Prac- 
tical Guide to the Purchase, Mortgage, Tenancy, and Compulsory 
Sale of Houses and Land ; including the Law of Dilapidations and 
Fixtures, &c. By E. L. Tarbuck. 2nd Edit. i2mo, ?j. td. cloth. 

"We are glad to be able to recommend it." — Builder. 

"The advice is thoroughly practical." — Law youmal. 

Metropolitan Rating. 

METROPOLITAN RATING : a Summary of the Appeals 
heard before the Court of General Assessment Sessions at West- 
minster, in the years 1871-80 inclusive. Containing a large mass 
of very valuable information with respect to the Rating of Rail- 
ways, Gas and Waterworks, Tramways, Wharves, Public Houses 
&c. By Edward and A. L. Ryde. 8vo, I2j. td. 

Bradbury, Agnew, S Co., Printers, WMtefrlais, Li naon. 
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PHILADELPHIA, 1876, 
THE PRIZE MEDAL 

Was awarded to the Publishers for 
Books : Budimentary, Scientific, 

"WEALE'S SERIES," ETC. 




A NEW LIST OF 

WEALE'S SERIES 

RUDIMENTARY SCIENTIFIC, EDUCATIONAL, 
AND CLASSICAL. 

Comprising nearly Three Hundred and Fifiv distinct works in almost every de' 
fariment of Science, Art, and Education, recommended to the notice of Engineers, 
Architects, Builders, Artisans, and Students generally, as well as to those interested 
in Workmen^s Libraries, Literary and Scientific Institutions, Colleges, Schools, 
Science Classes, &^c., ^c. 

IS" " WEALE'S SERIES includes Text-Books on almost every branch of 
Science and Industry, comprising such subjects as Agriculture, Architecture 
and Building, Civil Engineering, Fine Arts, Mechanics and Mechanical 
Engineering, Physical and ' Chemical Science, and many miscellaneous 
Treatises. The whole are constantly undergoing revision, and new editions, 
brought up to the latest discoveries in scientific research, are constantly 
issued. The prices at which they are sold are as low as their excellence is 
assured." — American Literary Gazette. 

" Amongst the literature of technical education, Weale's Series has ever 
enjoyed a high reputation, and the additions being made by Messrs. Crosby 
LOCKWOOD &, Co. render the series even more complete, and bring the infor- 
mation upon the several subjects down to the present time." — Mining 
Journal. 

"It is impossible to do otherwise than bear testimony to the value of 
Weale's Series." — Engineer. 

"Everybody — even that outrageous nuisance 'Every Schoolboy' — knows 
the merits of ' Weale's Rudimentary Series.' Any persons wishing to 
acquire knowledge cannot do better than look through "Weale's Series and 
get all the books they require. The Series is indeed an inexhaustible mine 
of literary-wealth." — The Metropolitan. 
. " WEALE'S SERIES has become a standard as well as an unrivalled 
ctdlection of treatises in all branches of art and science." — Public Opinion. 




LONDON, 1862. 
THE PRIZE MEDAL 

"Was awarded to the Publishers of ' 

"WEALE'S SERIES." 




CROSBY LOCKWOOD & CO., 

7, stationers' HALL COURT, LUDGATE HILL, LONDON, E.C 



weale's rudimentary series. 



WEAIE'S RUDIMENTARY SCIENTIFIC SERIES. 




*#* The volumes of this Series are freely Illustrated with 
"Woodcuts, or otherwise, where requisite. Throughout the fol- 
lowing List it must be understood that the books are bound in 
limp cloth, unless otherwise stated ; but the •volmnes ?narked 
with a % may also he had st^-ongly bound in cloth boards for 6d. 
extra. 

JV.B. — In''ordei'ing from this List it is recommended, as a 
■means of facilitating business and obviating error, to guoie^ the 
numbers affixed to the volumes, as well as the titles and prices. 



No ARCHITECTURE, BUILDING, ETC. 

i6." ARCHITECTURE-'ORDERS—'X\i& Orders and their Esthetic 
Principles. By W. H. Leeds. Illustrated, is. 6d. 

17. ARCHITECTURE—STYLES— T\iQ History and Description of 

the Styles of Architecture of Various -Countries, from the Earliest to the 
Present Period. By T. Talbot Bury, F.R.I.B.A., &c. Illustrated. 2s. 
*#* Orders and Styles of Architecture, in One Vol.j ^s. 6d. 

18. ARCHITECTURE— DESIGN— The Principles of Design in 

Architecture, as deducible from Nature and exemplified in the Works of the 
Greek and Gothic Architects. ByE.L.GARBETT, Architect. Illustrated. 25.6d. 
*«• The three preceding Works, in One handsome Vol., half bound, entitled 
"Modern Architecture," /?-;"£-ff 6s.- 

22. THE ART OF BUILDING, Rudiments of. General Principles 

of Construction, Materials used in Building, Strength and Use of Materials, 
Working Drawings, Specifications, and Estimates. By E. Dobson, 2s.t 

23. BRICKS AND TILES, Rudimentary Treatise on the Manufac- ^ 

ture of; containing an Outline of the Principles of Brickmaking. By Edw. 
Dobson, M.R.I.B.A. With Additions by C Tomlinson, F.R.S. Illustrated, 33.* 
25. MASONRY AND STONECUTTING ; in which the Pnnciples 
of Masonic Projection and their application to the Construction of Curved 
Wing- Walls, Domes, Oblique Bridges, and Roman and Gothic Vaulting, 
are explained. By EdtwArd Dobson, M.R.I.B.A., &c. 2s. 6d.1: 

44. FOUNDATIONS AND CONCRETE WORKS, a Rudimentary 

Treatise on ; containing a Synopsis of the principal casps of Foundation 
Works, with the usual Modes of Treatment, and Practical Remarks on 
Footings, Planking, Sand, Concrete, Beton, Pile-driving, Caissons, and 
Cofferdams. By E. Dobson, M.R.I.B.A., &c. Fifth Edition, revised, is. 6d. 

42. COTTAGE BUILDING. By C. Bruce Allen, Architect. 
Ninth Edition, revised and enlarged. Numerous Illustrations, is. 6d. 

45. LIMES, CEMENTS, MORTARS, CONCRETES, MASTICS, 

PLASTERING, &c. By G. R. Burnell, C.E. Twelfth Edition, is. 6d. 
57. WARMING AND VENTILATION, a Rudimentary Treatise 
on ; being a concise ExpoBition of the General Principles of the Art of Warm- 
ing and ventilating Domestic and Public Buildings, Mines, Lighthouses, 
Simps, &c. By Charles Toutlinson, F.R.S. , &c. Illustrated. 3s. 
»3**. CONSTRUCTION OF DOOR LOCKS. Compiled from the 
Papers of A. C. Hobbs, Esq., of New York, and Edited by Charles Tom- 
linson, F.R.S. To -whick is added, a Description qf Fenby's Patant LoekSp 
and a Note upon Iron Safes by Robert Mallet, M.I.C.E. IUus. 2s. 6d. 

III. ARCHES, PIERS, BUTTRESSES, ^c: Experimental Essays 
on the Principles of Construction in ; made with a view to their being ussful 
to the Practical Builder. By William Bland. Illustrated, is. 6d. 

116. THE ACOUSTICS OF PUBLIC BUILDINGS; or, The 
Principles of the Science of Sound applied to the purposes of the Architect and 
Builder. By T. Roger vSmith, M.R.I.B.A., Architect. Illustrated, ts. 6d. 

6^^ The % indicates that these •vols, m.ay be had strongly bound at bd. extra. 
LONDON: CROSBY LOCKWOOD AND CO., 
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Architecture, Building, etc., continued. 

127. ARCHITECTURAL MODELLING IN PAPER, the Art of. 

By T. A. Richardson, Architect. Illustrated, is. 6d. 

128. VITRUVIUS~THE ARCHITECTURE OF MARCUS 

VITRUVIUS POLLO. In Ten Books. Translated from the Latin by 
Joseph Gwilt, F.S.A., F.R.A.S. "With 23 Plates. 53. 

130. GRECIAN ARCHITECTURE, An Inquiry into the Principles 
of Beauty in ; with aji Historical View of the Rise and Progress of the Art in 
Greece. By the Earl of Aberdeen, is. 
*«* The two fttcedmg Works in One handsome Vol., half hound, eniiiled "Ancient 
Architecture," /«i:e 6j. 

132. DWELLING-HOUSES, a Rudimentary Treatise on the Erection 
of. ■ Illustrated by a Perspective View, Plans, Elevations, and Sections of a 
pair of Semi-detached Villas, with the Specification, Quantities, and Esti- 
mates, and every requisite detail, in sequence, for their Construction and 
Finishing. By S. H. Brooks, Architect. New Edition, with Plates. 2s. 6d4 

156. QUANTITIES AND MEASUREMENTS, How to Calculate and 
Take them in Bricklayers', Masons', Plasterers*, Plumbers', Painters', Paper- 
hangers', Gilders', Smiths', ^Carpenters', and Joiners' Work. By A. C. 
Beaton, Architect and Surveyor. New and Enlarged Edition. Illus. is. 6d. 

175. LOCKWOOD dr- CO:s BUILDER'S AND CONTRACTOR'S 
PRICE book:, for 1883, containing the latest Prices of all kinds of Builders' 
Materials and Labour, and of all Trades connected with Building, Sec, &c. 
Revised and Edited by F. T. W. Miller, Architect and Surveyor. 3s. 6d. ; 
half bound, 4s. \_Jttsi published. 

182. CARPENTRY AND yOINERY-^11^^ Elementary Prin- 
ciples of Carpentry. Chiefly composed from the Standard Work of 
Thomas Tredgold, C.E With Additions from the Works of the most 
Recent Authorities, and a TREATISE ON JOINERY by E. Wyndham 
Tarn, M.A. Numerous Illustrations. 3s. 6d-J 
.182*. CARPENTRY AND JOINERY, ATLAS of 35 Plates to 
accompany the above. With Descriptive Letterpress. 4to. 6s. ; cloth, 7s, 6d. 

187. HINTS TO YOUNG ARCHITECTS. By George Wight- 
wick. New, Revised, and enlarged Edition. By G. Huskisson Guillaume, 
Architect. With numerous Woodcuts, ^s. 66..X. 

«88. HOUSE PAINTING, GRAINING, MARBLING, AND SIGN 
WRITING: A Practical Manual of, containing full information on the 
Processes of House-Painting, the Formation of Letters and Practice of 
Sign- Writing, the Principles of Decorative Art, a Course of Elementary 
Drawing for House-Painters, Writers, Sec, &c. With 9 Coloured Plates of 
Woods and Marbles, and nearly 150 Wood Engravings. By Ellis A. 
Davidson. Third Edition, revised. 5s. clotb limp ; 6s. cloth boards. 

189. THE RUDIMENTS OF PRACTICAL BRICKLAYING, 
In Six Sections : General Principles ; Arch Drawing, Cutting, and Setting ; 
Pointing ; Paving, Tiling, Materials ; Slating and Plastering ; Practical 
Geometry, Mensuration, &c. By Adam Hammond. Illustrated, is. 6d. 

191. PLUMBING. A Text-Book to the Practice of the Art or Craft of 

tne Plumber. With Chapters upon House Drainage, embodying the latest 
Improvements. Fourth Edition, revised and enlarged. With abovd 330 
' Illustrations. By W. P. Buchan, Sanitary Engineer. 3s. 6d.t 

\_^ust published, 

192. THE TIMBER IMPORTER'S, TIMBER MERCHANT'S, 

and BUILDER'S STANDARD GUIDE ; comprising copious and valu- 
able Memoranda for the Retailer and Builder. By Richard E. Grandy, 
Second Edition, Revised. ^s.X 

205. THE ART OF LETTER PAINTING MADE EASY. By 

J. G. Badenoch, Illustrated with iz full-page Engravings of Examples, is. 

206. A BOOK ON BUILDING, Civil and Ecclesiastical, including 

Church Restoration. With the Theory of Domes and the Great Pyramid, 
&c. By Sir Edmund Beckett, Bart., LL.D., Q.C, F.R.A.S. Second Edition, 
enlarged, 4s. 6d.J « 



^ The t indicates that these vols, may he had strongly bound at 6d. extra. 
7, STATIONERS' HALL COURT, LUDGATE HILL, E.G. ' 
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Architecture, Building, etc., continued. 
226. THE yOINTS MADE AND USED BY BUILDERS in the 
Construction of various kinds of Engineering and Architectural "Works {A 
Practical Treatise on). With especial reference to those wrought by Arti- 
ficers in Erecting and Finishing Habitable Structures. By Wyvill J. 
Christy, Architect. With upwards of 160 Engravings on "Wood, ^s.t 

228. THE CONSTRUCTION OF ROOFS OF WOOD AND IRON 

(An Elementary Treatise on). Deduced chiefly from the Works of Robison, 
Tredgold, and Humber. By E. Wyndham Tarn, M.A., Architect. With 
numerous Illustrations, is. 6d. \_Jicsi published. 

229. ELEMENTARY DECORATION : A Guide to the Simpler 

Forms of Everyday Art, as applied to the Interior and Exterior Decoration 
of Dwelling-Houses, &c. By James W. Facey, Jun. Illustrated with 
Siity-eight explanatory Engravings, principally from Designs by the 
Author. 2S. [^Jtist published. 

230. HANDRAILING (A Practical Treatise on). Showing New and 

Simple Methods for finding the Pitch of the Plank, Drawing the Moulds, 
Bevelling, Jointing-up, and Squaring the Wreath. By George Collings. 
Illustrated with Plates and Diagrams, is, 6d. [ytisi pitblished. 

CIVIL ENGINEERING, ETC. 

219. CIVIL ENGINEERING. By Henry Law, M.Inst. C.E. 

Including a Treatise on Hydraulic Engineering by Geo. R. Burnell, 
M.Inst. C.E. Sixth Edition, revised, with Large Ajdditions on Recent 
Practice in Civil Engineering, by D. Kinnear Clark, M.Inst. C.E., 
Author of " Tramways : Their Construction," &c. 6s. 6d., Cloth boards, 7s. 6d. 

31. WELL-DIGGING, BORING, AND PUMP- WORK. . By John 

George Swindell, A.R.I. B. A. NewEdition,by G. R. Burnell,C.E. is.6d. 

35. THE BLASTING AND QUARRYING OF STONE, for 
Building and other Purposes. With Remarks on the Blovring up of Bridges. 
By Gen. Sir John Burgoyne, Bart., K.C.B. Illustrated, is. 6d. 

62. RAILWAY CONSTRUCTION, Elementary and Practical In- 
. structions on the Science of. By Sir M. Stephenson, C.E. New Edition, 
by Edward Nugent, C.E. With Statistics of the Capital, Dividends, and 
Working of Railways in the United Kingdom. By E. D. Chattaway. 4s. 
80*. EMBANKING LANDS FROM THE SEA, the Practice of. 
Treated as a Means of Profitable Employment for Capital. With Examples 
and Particulars of actual Embanicments, &c. By J. Wiggins, F.G.S. 2s. 

81. WATER WORKS, for the Supply of Cities and Towns. With 
a Description of the Principal Geological Formations of England as in- 
fluencing Supplies of Water ; and Details of Engines and Pumping Machinery 
for raising Watei'. By Samuel Hughes, F.G.S. , C.E. New Edition. 43.* 

117. SUBTERRANEOUS SURVEYING, an Elementaiy and Prac- 

tical Treatise on. By Thomas Fenwick. Also the Method of Conducting 
Subterraneous Surveys without the Use of the Magnetic Needle, and other 
Modem Improvements. By Thomas Baker, C.E. Illustrated, as. 6d.J 

118. CIVIL ENGINEERING IN NORTH AMERICA, a Sketch 

of. By David Stevenson, F.R.S.E., &c. Plates and Diagrams. 3s. 

197. ROADS AND STREETS [THE CONSTRUCTION OF), 
• in two Parts : I. The Art of Constructing Common Roads, by Henry 

Law, C.E., revised by D. K. Clark, CE. ; II. Recent Practice, including 
pavements of Stone, Wood, and Asphalte, by D. K. Clark. 4s. 6d.t 

203. SANITARY WORK IN THE SMALLER TOWNS AND IN 
VILLAGES. Comprising;: — i. Some of the more Common Forms of 
Nuisance and their Remedies : 2. Drainage ; 3. Water Supply. By Charles 
Slagg, A.LC.E. 2s 6d.t 

212. THE CONSTRUCTION OF GAS-WORKS, and the Manu- 
facture and^ Distribution of Coal Gas. Originally written by Samuel 
Hughes, C.E. Sixth Edition, re-written and much Enlarged by William 
Richards, CE. With 72 Illustrations. 4s. Gd.J 

,213. PIONEER ENGINEERING. A Treatise on the Engineering 
Operations connected with the Settlement of Waste Lands in New Coun- 
tries:. By EnvfARD Dobson, Assoc Inst. C.E. 4s. 6d.$ 

g^^ The X indicates that these iwis. may be had siroitgly bound at 6d. extra. 
LONDON : CROSBY LOCKWOOD AND CO.j 
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MECHANICAL ENGINEERING, ETC. 

33. CRANES, the Construction of, and other ilachihery for Raising 

Heavy Bodies. By Joseph Glvnn, F.R.S. Illustrated, is. 6d. 

34. THE STEAM ENGINE. By Dr. Lardner. Illustrated, is. 6d. 
59. STEAM BOILERS : their Construction and Management. By 

R. Armstrong, C.E. Illustrated, is. 6d. 
67. CLOCKS, WATCHES, AND BELLS, a Rudimentary Treatise 
on. BySir Edmund Beckett, LL.D., Q.C. Seventh Edition, revised and en- 
larged, with numerous Illustrations. 4s. 6d. cloth limp ; ss. 6d. cloth boards. 

82. THE POWER OF WATER, as applied to driTC^lFtour^MiUs, 

and to give motion to Turbines, &c. By Joseph Glvnn, F.R.S. 2s.± 

98. PRACTICAL MECHANISM, the Elements of; and Machine 

Tools. By T. Baker, C.E. "With Additions by J. Nasmyth, C.E. 2S. 6d.t 

139. THE STEAM ENGINE, a Treatise on the Mathematical Theory 

of, with Rules and Examples for Practical Men. ByT. Baker, C.E. is. 6d. 

162, THE BRASS FOUNDER'S MANUAL; Instructions for 

Modelling, Pattern-Making, Moulding, Turning, Filing, Burnishing, 

Bronzing, &c. "With copious Receipts, Ike. By "Walter Graham. 2s.t 

164. MODERN WORKSHOP PRACTICE, as applied to Marine, 

Land, and Locomotive Engines, Floating Docks, Dredging Machines, 
Bridges, Cranes, Ship-building, &c.,&c. By J. G. "Winton. Illustrated, js.t 

165. IRON AND HEAT, exhibiting the Principles concerned in the 

Construction of Iron Beams, Pillars, and Bridge Girders, and the Action of 
Heat in the Smelting Furnace. By J. Armour, C.E. 2S. 6d.t 

166. POWER IN MOTION: Horse-Power, Toothed- Wheel Gearing, 

Long and Short Driving B^nds, and Angular Forces. By J. Armour, 2s.6d.t 

167. IRON BRIDGES, GIRDERS, ROOFS, AND OTHER 

WORKS. By Francis Campin, C.E. 2s. 6d.t 
171. THE WORKMAN'S' MANUAL OF ENGINEERING 

DRA"WING. By John Maxton, Engineer. Fourth Edition. Illustrated 

with 7 Plates and nearly 350 "Woodcuts. 3s. 6d..X 
190. STEAM AND THE STEAM ENGINE, Stationary and 

Portable. Being an extension of Mr. John Sewell's " Treatise on Steam." 

By D. K. Clark, M.I. C.E. Second Edition, revised. 3s. 6d.t 
200. FUEL', its Ponibustion and Economy. By C. W. Williams, 

A.I. C.E. "With extensive additions on Recent Practice in the Combustion 

and Economy of Fuel— Coal, Coke, "Wood, Peat, Petroleum, &c.— by D. K. 

Clark, M.I.C.E. 2nd Edition, 3s. 6d.t 
202. LOCOMOTIVE ENGINES. By G. D. Dempsey, C.E. ; with 

large additions by D. Kinnear Clark, M.I.C.E. 35.* 
211. THE BOILERMAKER'S ASSISTANT in Dra-wing, Tem- 

plating, and Calculating Boiler and Tank "Work. By John Courtney, 

]?ractical Boiler Maker. Edited by D.K. Clark, C.E. 100 Illustrations. 2S. 

216. MATERIALS AND CONSTRUCTION ; A Theoretical and 

Practical Treatise op the Straiins, Designing, and Erection of "Works of Con- 
struction. By Francis Campin, C.K. 3s. t 

217. SEWING MACHINERY: Its Construction, History, &c., with 

full Technical Directions for Adjusting, &c. By J. "W. Urquhart, C.E^ 2s.t 

223. MECHANICAL ENGINEERING. Comprising Metallurgy, 

Moulding, Casting, Forging, Tools, "Workshop Machinery, Manufacture of 
the Steam Engine, &c. By Francis Campin, C.E. 2s. 6d.t 

224. COACH BUILDING, A Practical Treatise, Historical and 

Descriptive. By J. "W. Burgess. 2s. 6d.t 

235. PRACTICAL ORGAN BUILDING. By W. E. Dickson, 

M.A.. Precentor of Ely Cathedral. Illustrated. 2s. 6d.t [Just published. 

236. DETAILS OF MACHINERY. Comprising Instructions for 

the Execution of various "Works in Iron in the Fitting-Shop, Foundry, and 
Boiler- Yard. Arranged expressly for the use Of Draughtsmen, Students, 
and Foremen Engineers. By Francis Campin.'C.E. },%.% \,Just tublished. 

THE SMITHY AND FORGE; including the Farrier's Art and 

Coach Smithing. By "W. J. E. Crane. Illustrated. [In the press. 

The % indicates that these vols, may he had strongly bound at 6d. extra, 

7, STATIONERS' HALL COURT, LUDGATE HILL, E.C. 
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SHIPBUILDING, NAVIGATION, MARINE 
ENGINEERING, ETC. 

51. NAVAL ARCHITECTURE, the Rudiments of; or an Exposi- 
tion of the Elementary Principles of the Science, and their Practical Appli- 
cation to Naval Construction. Compiled for tne Use of Beginners. Ey 
Tames Peake, School of Naval Architecture, H.M. Dockyard, Portsmouth- 
Fourth Edition, corrected, with Plates and Diagrams, ^s, 6d.t. 

53*. SHIPS FOR OCEAN AND RIVER SERVICE, Elementary 

and Practical Principles of the Construction of. By Hakon A. Sommer- 
FELDT, Surveyor of the Royal Norwegian Navy. With an Appendix, is. 6d.. 

S3**. AN ATLAS OF ENGRA VINGS to Illustrate the above. Twelve 
large folding plates. Royal 4to, cloth. 7s. fid. 

54. MASTING, MAST-MAKING, AND RIGGING OF SHIPS,. 

Rudimentary^ Treatise on. Also Tables of Spars, Rigging, Blocks; Chain, 
Wire, and Hemp Ropes, &c., relative to every class of vessels. With an 
Appendix of Dimensions of Masts and Yards of the Royal Navy. By Roberjt 
Kjpping, N.A. Fourteenth Edition. Illustrated. 2S.$ 
54*. IRON SHIP-BUILDING, With Practical Examples and Details 
for the Use of Ship Owners and Ship Builders. By John Grantham, Con- 
sulting Engineer and Naval Architect. 5th Edition, with Additions. 4s. 
54**. AN ATLAS OF FORTY PLATES to Illustrate the above. 
Fifth Edition. Including the latest Examples, such as H.M. Steam Frigates- 
"Warrior," "Hercules, " Bellerophon ; " H.M. Troop Ship "Serapis," 
Iron Floating Dock, &c., &c. 4to, boards. 38s. 

55. THE SAILOR'S SEA BOOK: a Rudimentary Treatise on 

Navig;ation. Part I. How to' Keep the Log and Work it off. Part II. Otp 
Finding the Latitude and Longitude. By James Greenwood, B.A. To 
which are added, the Deviation and Error of the Compass ; Great Circle 
Sailing ; the International (Commercial) Code of Signals ; the Rule of the 
Road at Sea ; Rocket and Mortar Apparatus for Saving Life ; the Law of 
Storms : and a Brief Dictionary of Sea Terms. With numerous Woodcuts- 
and Coloured Plates of Flags. New, thoroughly revised and much enlarged- 
edition. By W. H. RossER. 2s. fid.t 
80. MARINE ENGINES, AND STEAM VESSELS, a Treatise 
on. Together with Practical Remarks on the Screw and Propelling Power, 
as used in the Royal and Merchant Navy. By Robert Murray, C.E., 
Engineer-Surveyor to the Board of Trade. With a Glossary of Technical' 
Terms, and their Equivalents in French, German, and Spanish. Seventh 
Edition, revised and enlarged. Illustrated. 35.$ 
835^, THE FORMS OF SHIPS AND BOATS: Hints, Experiment- 
ally Derived, on some of the Principles regulating Ship-building. By W. 
Bland. Seventh Edition, revised,with numerous Illustrations and Models. is.6d. 
99. NAVIGATION AND NAUTICAL ASTRONOMY, in Theory 
and Practice. By Professor J. R. Young. New Edition, including the- 
requisite Elements from the Nautical Almanac for working the Problems- 
Illustrated. 2s. fid. \_Jttsi fublisked. 
100*. TABLES intended to facilitate the Operations of Navigation and 
Nautical Astronomy, as an Accompaniment to the above Book. By J. R. 
Young, is. fid. 
106. SHIPS' ANCHORS, ^TxQ2iMse on. By G. Cotsell, N.A. is. 6d. 
149. SAILS AND SAIL-MAKING, an Elementary Treatise on. 
With Draughting, and the Centre of Effort of the Sails. Also, Weights- 
and Sizes of Ropes ; Masting, Rigging, and Sails of Steam Vessels, &c., 8-.c. 
Eleventh Edition, enlarged, with an Appendix. By Robert Kipping, N.A.j 
Sailmaker, Quayside, Newcast?le. Illustrated, as. 6d.t 
155. THE ENGINEER'S GUIDE TO THE ROYAL AND 
MERCANTILE NAVIES. By a Practical Engineer. Revised by D. 
F. M'Carthy, late of the Ordnance Survey Office, Southampton. 3s. 
55 PRACTICAL NAVIGATION. Consisting of The Sailor's 
& Sea-Book. By James Greenwood and W. H. Rosser. Together with 
204. *^^ requisite Mathematical and Nautical Tables for the Working of the 
^' Problems. By Henry Law, C.E., and J. R. Young, formerly Professor of 
Mathematics in Belfast College. Illustrated with numerous wood Engrav- 
ings and Coloured Plates. 7s. Strongly half-bound in leather. 

^^ The X indicates that these vols, may be had strongly bound at 6d, extra. 
LONDON : CROSBY LOCKWOOD AND CO., 
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PHYSICAL SCIENCE, NATURAL PHILO- 
SOPHY, ETC. 

1. C^^J//57SP; for the Use of Beginners. By Professor George 

Agricufture is' ^° ^PP™^'^ °° *« Application of Chemistry to 

2. NATURAL ^PHILOSOPHY, Introduction to the Study of: for 

K'f„SV°.^l?^®s".f ^i ?^ 5- To^Vsp", Lecturer on Natural Science in 

Jiing s LoUege School, London. Woodcuts, is 6d 
4. MINERALOGY, Rudiments of; a concise View of the Properties 
e. j5-iJi^'j'lrrJ?^-*^^^"='^"''J"°- Woodcuts and Steel Plates. 354 

6. MECHANICS, Rudimentary Treatise on; being a concise Ex- 

position of the General Principles of Mechanical Science, and their Applica- 
tions. By, Charles Tomlinson. Illustrated, is. 6d. 

7. ELECTRICITY; showing the General Principles of Electrical 

Science, and the purposes to which it has been applied. By Sir W. Snow 
. ^1i^iPFi:h§i'J^''-^ With Additions by R. SAftNE, C.E., P.S.A. is. 6d. 
7». CrALVANISM, Rudimentary Treatise on, and the General Prin- 
ciples of Animal and Voltaic Electricity. By Sir W. Snow Harris. New 
Ji'dition, with considerable Additions by Robert Sabine, C.E., F.S.A. is. 6d. 

8. MAGNETISM ; being a concise Exposition of the General Prin- 

ciples of Magnetical Science, and the Purposes to which it has been applied. 

By Sir W. Snow Harris. New Edition, revised and enlarged by H. M 

NoAD, Ph.D., Vice-President of the Chemical Society, Author of "A 

Manual of Electricity," &c., &.c. With 165 Woodcuts. ?s. 6d.* 
n. THE ELECTRIC TELEGRAPH; its History and Progress; 

withDescriptionsof someoftheApparatus. By R. Sabine, C.E., F.S.A. is 
12. PNEUMATICS, for the Use of Beginners. By Charles 

Tomlinson. Illustrated, is. 6d. 
72. MANUAL OP THE MOLLUSC A ; a Treatise on Recent and 

Fossil Shells. By Dr. S. P. Woodward, A.L.S. Fourth Edition. With 

Apperdix by Ralph Tate, A.L.S., F.G.S. With numerous Plates and 300 

Woodcuts. 6s. 6d. Cloth boards, 7s. 6d. 
T)*'^. PH020GRAPHY, Popular Treatise on; with a Description of 

the Stereoscope, &c. Translated from the French of D. Van Monckhoven. 

by W. H. Thornthwaite, Ph.D. Woodcuts, is. 6d. 

96. ASTRONOMY. By the late Rev. Robert Main, M.A., F.R.S., 

formerly Radcliffe Observer at Oxford. Third Edition, revised and cor- 
rected to the Present Time. By William Thynne Lynn, B.A., F.R.A.S., 
formerly of the Royal Observatory, Greenwich, as. [Jusi published. 

97. STATICS AND DYNAMICS, the Principles and Practice of; 

embracing also a clear development of Hydrostatics, Hydrodynamics, and 
Central Forces. By T. Baker, C.E. is. 6d. 

138. TELEGRAPH, Handbook of the; a Manual of Telegraphy, 

Telegraph Clerks' Remembrancer, and Guide to Candidates for Employ- 
ment in the Telegraph Service. By R. Bond. Fourth Edition, revised and 
enlarged : to which is appended, QUESTIONS on. MAGNETISM, ELEC- 
TRICITY, and PRACTICAL ■feLEGRAPHY, for the Use of Students, 
by W. McGregor, First Assistant Supnt., Indian Gov. Telegraphs. 3s.t 

173. PHYSICAL GEOLOGY, partly based on Major-General Port- 

lock's "Rudiments of Geology." By Ralph Tate, A.L.S. ,&c. Woodcuts. 'as. 

174. HISTORICAL GEOLOGY, partly based on Major-General 

Portlock's "Rudiments." By Ralph Tate, A.L.S., &c. Woodcuts, as. 6d. 
173 RUDIMENTARY TREATISE ON GEOLOGY, Physical and 
& Historical. Partly based on Maior-General Portlock's " Rudiments of 
174. Geology." By Ralph Tate, A.L.S., F.G.S., &c. In One Volume. 4s. 6d.t 
183 ANIMAL PHYSICS, Handbook of. By Dr. Lardner, D.C.L., 
& formerly Professor of Natural Philosophy and Astronomy in University 
l8d. College, Lond. With 5ao Illustrations. In One Vol. 7s. 6d., cloth boards. 
%* Sold also in Two Parts, as follows : — 

183. Animal. Physics. By Dr. Lardner. Part I., Chapters I.— VII. 4s. 

184. Animal Physics. By Dr. Lardner. Part II., Chapters VIII. — XVIII. 3s. 

The i indicates that these -vols, may 6e had strongly bound at 6d. extra. 
7, stationers' HALL COURT, LUDGATE HILL, E.C. 
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MINING, METALLURGY, ETC. 

11-}. ■ SUBTERRANEOUS SURVEYING, Elementary and Practical 
Treatise on, with and without the Magnetic Needle. By Thomas Fenwick, 
Surveyor of Mines, and Thomas Baker, C.E. Illustrated. 2s. 6d.t 

133. METALLURGY OF COPPER ; an Introduction to the Methods 
of Seeking, Mining, and Assaying Copper, and Manufacturing its Alloys. 
By Robert H. Lamboen, Ph.D. Woodcuts. 2s. 6d.1: 
; 134. METALLURGY OF SILVER AND LEAD. By Dr. R. H. 
Lamborn, Woodcuts. 2S. 6d.t '' 

135. ELECTRO-METALLURGY; Practically Treated. By Alex- 
ander Watt, F.R.S.S.A. 7th Edition, revised, with important additions, 
including the Electro-Deposition of Nickel, &c. Woodcuts. 3s.t 

172. MINING TOOLS, Manual of. For the Use of Mine Managers, 
Agents, Students, &c. By William Morgans. 2s. 6d.t 
172*. MINING TOOLS, ATLAS of Engravings to lUustrate the above, 
containing 235 Illustrations, drawn to Scale, ito. 4s. 6d. ; cloth boards, 6s. 

176. METALLURGY OF IRON. Containing History of Iron Manu- 
facture. Methods of Assay, and Analyses of Iron Ores, Processes of Manu- 
facture of Iron and Steel, &c. ByJH. Bauerman, F.G.S. 5th Edition, 
revised and enlarged. 5s. t [Jttsi published. 

180. COAL AND COAL MINING, A Rudimentary Treatise on. 

By Warington W. Smyth, M.A., F.R.S. Fifth Edition, revised and 

enlarged. With numerous Illustrations. 3s. 6d.t 
195. THE MINERAL SURVEYOR AND VALUER'S COM- 

PLETE GUIDE, with new Traverse Tables, and Descriptions of Improved 
Instruments ; also the Correct Principles of Laying out and Valuing- Mineral 
Properties. By William Lintern, Mining and Civil Engineer. 3s. 6d4 

214. SLATE AND SLATE ^C;"^^i?rZY(?, Scientific, Practical, and 
Commercial. By^ D. C. Davies, F.G.S.^ Mining Engineer, &c. With 
numerous Illustrations and Folding Plates, js.t 

215.' THE GOLDSMITHS HANDBOOK, containing full Instruc- 
tions for the Alloying and Working of Gold. By George E. Gee, Goldsmith 
and Silversmith, Second Edition, considerably enlarged. 2>^.X 

225. THE SILVERSMITHS HANDBOOK, containing full In- 
structions for the Alloying and Working of Silver. By George E. Gee. 3s.t 

220. MAGNETIC SURVEYING, AND ANGULAR SURVEY- 
ING, with Records of the Peculiarities of Needle Disturbances. Compiled 
from the Results of carefully made Experiments. By William Lintern, 
Mining and Civil Engineer and Surveyor. 2s. 



FINE ARTS. 

20. PERSPECTIVE FOR BEGINNERS. Adapted to Young 

I Students and Amateurs in Architecture, Painting, &c. By George Pyne. 2s. 

40 GLASS STAINING, AND THE ART OF PAINTING ON 
&4I, GLASS. From the German of Dr. Gessert and Emanuel Otto From- 
BERG. With an Appendix on The Art of Enamelling. 2s. 6d. 
69. MUSIC, A Rudimentary and Practical Treatise on. With 

numerous Examples. By Charles Child Spencer, as. 6d. 
71. PIANOFORTE, The Art of Playing the. With numerous Exer- 
cises & Lessons from the Best Masters. By Charles Child Spencer. js.6d. 
69-71. MUSIC AND THE PIANOFORTE. In one volume. Half 
bound, ss. 
181. PAINTING POPULARLY EXPLAINED, including Fresco, 
Oil, Mosaic, Water Colour, Water-Glass, Tempera, Encaustic, Miniature, 
Painting on Ivory, Vellum, Potter}', Enamel, Glass, &c. With Historical 
Sketches of the Progress of the Art by Thomas John Gullick, assisted by 
John Times, F.S.A. Fourth Edition, revised and^^enlarged. 53.$ 
186. A GRAMMAR OF COLOURING, applied to Decorative 
Painting and the Arts. By George Field. New Edition, enlarged and 
adapted to the Use of the Ornamental Painter and Designer. By Ellis A. 
Davidson. With two new Coloured Diagrams, &c. 3s.t 

^^^ Tke X indicates that these vols, may be had strongly bound at 6d. extra, 
LONDON : CROSBY LOCKWOOD AND CO., 
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AGRICULTURE, GARDENING, ETC. 

66. CLAY LANDS &- LOAMY SOILS. By Prof. Donaldson, is. 

131. MILLER'S, MERCHANT'S, AND FARMER'S READY 

RECKONER. "With approximate values of Millstones, Millwork. &c. is. 

140. SOILS, MANURES, AND- CROPS. (Vol. i. Outlines of 

Modern Farming.) By R. Scott Burn. Woodcuts. 2s. 

141. FARMING &> FARMING ECONOMY, Notes, Historical and 

Practical, on. (Vol. 2. Outlines of Modern Farming.) ByR. Scott Burn. 3s. 

142. STOCK; CATTLE, SHEEP, AND HORSES. (Vol. 3. 

Outlines of Modern Farming.) By R. Scott Burn.' Woodcuts-. 2s. 6d. 

145. DAIRY, PIGS, AND POULTRY, Management of the. By 

R. Scott Born. With Notes on the Diseases of Stock. (Vol. 4. Outlines 
OF Modern Farming.) Woodcuts. 2s. 

146. UTILIZATION OF SEWAGE, IRRIGATION, AND 

RECLAMATION OF WASTE LAND. (Vol. 5. Outlines of Modern 

Farming.) By R. Scott Burn. Woodcuts. 2s. 6d. 
%* Nos. 140-1-2-5-6, in One Vol., handsomely half-bound, entitled "Outlines of 
Modern Farming." By Robert Scott Burn. Price 12s. 
177. FRUIT TREES, The Scientific and Profitable Culture of. From 

the French of Du Breuil. Revised by Geo. Glenny. 187 Woodcuts. 3s. 6d.t 
198. SHEEP; THE HISTORY, STRUCTURE, ECONOMY, AND 

DISEASES OF. By W. C. Spooner, M.R.V.C, &c. Fourth Edition, 

enlarged, including Specimens of New and Improved Breeds. 3s. 6d.t 
201. KITCHEN GARDENING MADE EASY. Showing how to 

prepare and lay out the ground, the best means of cultivating every known 

Vegetable and Herb, &c. By George M. F. Glenny. is. 6d.i 

207. OUTLINES OF FARM MANAGEMENT, and the Organi- 

zaiion of Farm Labour : Treating of the General Work of the Farm ; Field 
and Live Stock ; Details of Contract Work ; Specialities of Labour, Sec, &c. 
By Robert Scott Burn. 2s. 6d.T 

208. OUTLINES OF LANDED ESTATES MANAGEMENT: 

Treating of the Varieties of Lands, Methods of Farming, Farm Buildings, 
Irrigation, Drainage, &c. By R. Scott Burn. 2s. 6d.t 
*** JVos, 207 <^2o8 in One Vol., handsomely half-hound,enUiled" Outlines of 
Landed Estates and Farm Management." By R. Scott Burn. Price ds. 

Z09. THE TREE PLANTER AND PLANT PROPAGATOR. 
A Practical Manual on the Propagation of Forest Trees, Fruit Trees, 
Flowering Shrubs, Flowering Plants, &c. By Samuel Wood. 2s.t 

210. THE TREE PRUNER. A Practical Manual on the Pruning of 
Fruit Trees, including also their Training and Renovation ; also the Pruning 
of Shrubs, Climbers, and Flowering Plants. By Samuel Wood. ■ 2s.t 
*»* Nos. 209 <5>* 210 ZK One Vol., handsomely half-bound, entitled " The Tree 
Planter, Propagator and Pruner." By Samuel Wood. Price <s. 

Z18. THE HA Y AND STRA W MEASURER : Being New Tables 
for the Use of Auctioneers, Valuers, Farmers, Hay and Straw Dealers, Sec, 
forming a complete Calculator and Ready-Reckoner, especially adapted to 
persons connected with Agriculture. Fourth Edition. By John Steele. 2s. 

222. SUBURBAN FARMING. The Laying-out and Cultivation of 
Farms, adapted to the Produce of Milk, Butter, and Cheese, Eggs, Poultry, 
and Pigs. By Prof. John Donaliison and R. Scott Burn. 3s. 6d.t 

231. THE ART OF GRAFTING AND BUDDING. By Charles 

Baltet. With Illustrations. 2S. 6d.t [Just published. 

232. COTTAGE GARDENING; or, Flowers, Fruits, and Vegetables 

for Small Gardens. By E.Hobday, is. 6d. [Just published. 

233. GARDEN RECEIPTS. Edited by Charles W. Quin. is. 6d. 

[^ust published. 

234. THE KITCHEN AND MARKET GARDEN. By Con- 

tributors to '• The Garden." Compiled by C. W'. Shaw, Editor of " Garden- 
ing Illustrated." 430pp. 35.* \Just published. 

LAND DRAINAGE, in Tlieory and Practice. By Professor 

Scott. Illustrated. [In the press. 

g^" The % indicates that these -vols, may be had strongly bound at bd. extra. 
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ARITHMETIC, GEOMETRY, MATHEMATICS, 

ETC. 

32. MATHEMATICAL INSTRUMENTS, a Treatise on; in which 
their Construction and the Methods of Testing, Adjusting", and Using them 
are concisely Explained. By J. F. Heather, M.A., of the Royal Military 
Academy, Woolwich. Original Edition, in i vol., Illustrated, is. 6d. 
\* In ordering the above, be careful to say, " Original Edition '* {No. 32), io distin- 
guish it from the Enlarged Edition in 3 'uols. {Nos. 168-9-70.) 

60. LAND AND ENGINEERING SURVEYING, a Treatise on; 
with all the Modern Improvements. Arranged for the Use of Schools and 
Private Students ; also for Practical Land Surveyors and Engineers. By 
T. Baker, C.E. New Edition, revised by Edward Nugent, C.E. Illus- 
trated with Plates and Diagrams. 2s.t 

(>\*, READY RECKONER FOR THE ADMEASUREMENT OF 
LAND. By Abraham Arman, Schoolmaster, Thurleigh, Beds. To which 
is added a Table, showing the Price of Work, from 2S. 6d. t0;£'i per acre, and 
Tables for the Valuation of Land, from 3S. to ;^i,oooper acre, and from one 
pole to two thousand acres in extent, &c., &c. is. 6d. 
76. DESCRIPTIVE GEOMETRY, an Elementary Treatise on; 
with a Theory of Shadows and of Perspective, extracted from the French of 
G. MoNGE. To which is added, a description of the Principles and Practice 
of Isometrical Projection ; the whole being intended as an introduction to the 
Application of Descriptive Geometry to various branches of the Arts. By 
J. F. Heather, M.A. Illustrated with 14 Plates. 2s. 

178. PRACTICAL PLANE GEOMETRY: giving the Simplest 

Modes of Constructing Figures contained in one Plane and Geometrical Con- 
struction of the Ground. By J. F. Heather, M.A. With 215 Woodcuts. 2s. 

179. PROJECTION : Orthographic, Topographic, and Perspective: 

giving the various Modes of Delineating Solid Forms by Constructions on a 
Single Plane Surface. By J. F. Heather, M.A. \_In preparation. 

*,* The above three volumes willforjn a Complete Elementary Course of 
Mathematical Drawing. 

83. COMMERCIAL BOOK-KEEPING. With Commercial Phrases 

and Forms in English, French, Italian, and German. By James Haddon, 
M.A., Arithmetical Master of King's College School, London, is. 6d. 

84. ARITHMETIC, a Rudimentary Treatise on : with full Explana- 

tions of its Theoretical Principles, and numerous Examplesfor Practice. For 
the Use of Schools and for Self- Instruction. By J. R. Young, late Professor 
of Mathematics in Belfast College. New Edition, with Index, is. 6d. 

84*. A Key to the above, containing Solutions in full to the Exercises, together 
with Comments, Explanations, and Improved Processes, for the Use of 
Teachers and Unassisted Learners. By }. R. Young, is. 6d. 

85. EQUATIONAL ARITHMETIC, applied to Questions of Interest, 
85*. Annuities, Life Assurance, and General Commerce; with various Tables by 

■ which all Calculations may be greatly facilitated. By W. Hipsley. 2s. 

86. ALGEBRA, the Elements of. By James Haddon, M.A., 

Second Mathematical Master of King's College School. With Appendix, 
containing miscellaneous Investigations, and a Collection of Problems in 
various parts of Algebra. 2s. 
86*. A Key and Companion to the above Book, forming an extensive repository of 
Solved Examples and Problems in Illustration of the various Expedients 
necessary in Algebraical Operations. Especially adapted for Self-Instruc- 
tion. By J. R. Young, is. 6d. 

88. EUCLID, The Elements OF : with many additional Propositions 

8g. and Explanatory Notes : to which is prefixed, an Introductory Essay on 
Logic. By Henky Law, C.E. 2s. 6d4 

*»* Sold also separately, viz. : — 

88. Euclid, The First Three Books. By Henry Law, C.E. is. 6d. 

8g. EucuD, Books 4, 5, 6, 11, 12. By Henry Law, C.E. is. 6d. 

g^° The i indicates thai these vols, may be had strongly bound at 6d. extra. 
LONDON : CROSBY LOCKWOOD AND CO., 
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Arithmetic," Geometry, Mathematics, etc., continued. 

90. ANALYTICAL GEOMETRY AND CONIC SECTIONS, 

a Rudimentary Treatise on. By James Hann, late Mathematical Master of 
^me s College School, London. A New Edition, re-written and enlarged 
by J. R. Young, formerly Professor of Mathematics at Belfast College. 2s.t 

91. PLANE TRIGONOMETRY, the Elements of. By James 

Hann, formerly Mathematical Master of King's College, London, is. 6d. 

92. SPHERICAL TRIGONOMETR Y, the Elements of. By James 

Hann. Revised by Charles H. Dowling, C.E. is. 
• Or with " The Elements 0/ Plane Trigonometry," in One Volume, is. 6d.' 

93. MENSURATION AND MEASURING, for Students and Prac- 

tical Use. With the Mensuration and Levelling of Land for the Purposes of 
Modern Engineering. By T. Baker, C.E. New Edition, with Corrections 
and Additions by E. Nugent, C.E. Illustrated, is. 6d. 

102. INTEGRAL CALCULUS, Rudimentary Treatise on the. By 

Homersham Cox, B.A. Illustrated, is. 

103. INTEGRAL CALCULUS, Examples on the. By JAMES Hann, 

late of King's College, Loudon. Illustrated, is. 
loi. DIFFERENTIAL CALCULUS, Elements of the. By W. S. B. 

■WooLHOusE, F.R.A.S., &c. IS. 6d. 
105. MNEMONICAL LESSONS. — GnouKTKY, Algebra, and 

Trigonometry, in Easy Mnemonical Lessons. By the Rev. Thomas 

PeNYNGTON KlRKMAN, M.A. IS. 6d. 

136. ARITHMETIC, Rudimentary, for the Use of Schools and Self- 

Instruction; By James Haddon, M.A. Revised by Abraham Arman. 
IS. 6d. 

137. A Key to Haddon's Rudimentary Arithmetic. By A. Arman. is. 6d. 

168. DRAWING AND MEASURING INSTRUMENTS. Includ- 

ing — I. Instruments employed in Geometrical and Mechanical Drawing, 
and in the Construction, Copying, and Measurement of Maps and Plans. 
II. Instruments used for the purposes of Accurate Measurement, and for 
Arithmetical Computations. By J. F. Heather, M.A., late of the Royal 
Military Academy, "Woolwich, Author of " Descriptive Geometry,'* &c., &c. 
Illustrated, is. 6d. 

169. OPTICAL INSTRUMENTS. Including (more especially) Tele- 

scopes, Microscopes, and Apparatus for producing copies of Maps and Plans 
by Photography. By J. F. Heather, M.A. Illustrated, is. fid. 

170. SURVEYING AND ASTRONOMICAL INSTRUMENTS. 

Including — I. Instruments Used for Determining the Geometrical Features 
of a portion of Ground. II. Instruments Employed in Astronomical Observa- 
tions. By T. F. Heather, M.A. Illustrated, is. 6d. 
*„* The above three volumes form an enlargement of the Author's original work, 
" Mathematical Instruments: their Construction, A djustment. Testing, and Use,^^ 
the Thirieenth Edition ofvihich is on sale, price is. 6d. {See No. 32 in the Series.) 
^ti.^ MATHEMATICAL INSTRUMENTS. By J. F. Heather, 

l6g. \ M.A. Enlarged Edition, for the most part entirely re-written. The 3 Parts as 
170..) above, in One thick Volume. "With numerous Illustrations. 4s. 6d.J 
158. THE SLIDE RULE, AND HOW TO USE IT; containing 
full, easy, and simple Instructions to perform all Business Calculations with 
unexampled rapidity and accuracy. By Charles Hoare, C.E. "With a 
Slide Rule in tuck of cover. 2S. 6d.1: 
185. THE COMPLETE MEASURER ; setting forth the Measure- 
ment of Boards, Glass, &c., &c. ; Unequal-sided, Square-sided,_ Octagonal- 
sided, Round Timber and Stone, and Standing Timber. "With a Table 
showing the solidity of hewn or eight-sided timber, or of any octagonal- 
sided column. Compiled for Timber-growers, Merchants, and Surveyors, 
Stonemasons, Architects, and others. By Richard Horton. Fourth 
Edition, with valuable additions. 4s. ; strongly bound in leather, 5s. 
196. THEORY OF COMPOUND INTEREST AND ANNUI- 
TIES ; with Tables of Logarithms for the more Difficult Computations of 
Interest, Discount, Annuities, & c. By FtooR Thoman. 4s.t 

^g" The t indicates thai these vols, may be had strongly bound at 6d. extra, 
7, STATIONERS' HALL COURT, LUDGATE HILL, E.G. 
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Arithmetics Geometry, Mathematics, etc., contimied, 
199. INTUITIVE CALCULATIONS; or, Easy and Compendious 
Methods of Performing the various Arithmetical Operations required in 
Commercial and Business Transactions ; together with Full Explanations of 
Decimals and Duodecimals, several Useful. Tables, &c. By Daniel 
O'GoRMAN. Twenty-fifth Edition, corrected and enlarged by J. R,. Young, 
formerly Professor of Mathematics in Belfast College. 3S.4: 
204. MATHEMATICAL r^^Z^^, for Trigonometrical, Astronomical, 
and Nautical Calculations ; to which is prefixed a Treatise on Logarithms. 
By Henry Law, C.E. Together with a Series of Tables for Navigation 
and Nautical Astronomy. By J. R. Young, formerly Professor of Mathe- 
matics in Belfast College. New Edition. 3s. 6d.t 

221. MEASURES, WEIGHTS, AND MONEYS OF ALL NA- 
TIONS, and an Analysis of the Christian, Hebrew, and Mahometan 
Calendars. By W. S. B. Woolhouse, F.R.A.S., F.S.S. Sixth Edition, 
carefully revised and enlarged. 2S.t 

227. MATHEMATICS AS APPLIED TO THE CONSTRUC- 
TIVE ARTS. Illustrating the various processes of Mathematical Investi- 
gation, by means of Arithmetical and Simple Algebraical Equations and 
Practical Examples ; also the Methods of Analysing Principles and De- 
ducing Rules and Formulae, applicable to the Requirements of Practice. 
By Francis Campin, C.E., Author of "Materials and Construction," &c. 
Second Edition, revised and enlarged by the Author. 35.* \_Jusi published. 



MISCELLANEOUS VOLUMES. 

36. A DICTIONARY OF TERMS used in ARCHITECTURE, 
BUILDING, ENGINEERING, MINING, METALLURGY, ARCHE- 
OLOGY, the FINE ARTS, dfc. By John Weale. Fifth Edition. ReTised 
by Robert Hunt, F.R.S., Keeper of Mining Records. Numerous Illus- 
trations, ss- clotli limp ; 6s. cloth boards. 

SQ. THE LAW OF CONTRACTS FOR WORKS AND SER- 
VICES. By David Gibbons. Third Edition, enlarged. JS.t 
112. MANUAL OF DOMESTIC MEDICINE. By R. Gooding, 
B.A., M.D. Intended as a Family Guide in all Cases of Accident and 
Emergency. Third Edition. 2s.± 

112*. MANAGEMENT OF HEALTH. A Manual ot Home and 
Personal Hygiene. By^the Rev. James Baird, B.A. is. 
150. LOGIC, Pure and Applied. By S. H. Emmens. is. 6d. 

153. SELECTIONS FROM LOCKE'S ESSAYS ON THE 

HUMAN UNDERSTANDING. With Notes by S. H. Emmens. 2s. 

154. GENERAL HINTS TO EMIGRANTS. Containing Notices 

of the various Fields for Emigration. With Hints on Preparation for 
Emigrating, Outfits, &c., &c. with Directions and Recipes useful to the 
Emigrant. With a Map of the World. 2S. 

157. THE EMIGRANT'S GUIDE TO NATAL. By Robert 
James Mann, F.R.A.S., F.M.S. Second Edition, carefully corrected, to 
the present Date. Map. 2s. 

193. HANDBOOK OF FIELD FORTIFICATION, intended for the 

Guidance of Officers Preparing for Promotion, and especially adapted to the 
requirements of Beginners. Hy Major W. W. KNOLL YS, F.R.G.S., 93rd 
Sutherland Highlanders, &c. With 163 "Woodcuts. 3s.t 

194, THE HOUSE MANAGER: Being a Guide to Hous,ekeeping. 

Practical Cookery, Pickling and Preserving, Household Work, Dairy 
Management, the Table and Dessert, Cellarage of Wines, Home-brewing 
and Wine-making, the Boudoir and. Dressing-room, Travelling, Stable 
Economy, Gardening Operations, &c. By An Old Housekeeper. 3s. 6d.t 

194. HOUSE BOOK {The). Comprising :^I. The House Manager. 

112. By an Old Housekeeper. II. Domestic Medicine. By Ralph Gooding, 
fl M.D. HI. Management of Health. By James Baird. In One Vol., 
strongly half-bound. 6s. 

112*. 

6^* The X indicates thai these vols, may be had strongly bound at 6d. extra. 
LONDON : CROSBY LOCKWOOD AND CO., 
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EDUCATION AL AND CLASS ICAL SERIES. 

HISTORY. 

1. England, Outlines of the History of; more especially with 
reference to the Origin and Progress of the English Constitution. By 
"William Douglas Hamilton, F.S.A., of Her Majesty's Public Record; 
Office. 4th Edition, revised. 5s. ; cloth boards, 6s. 

5. Greece, Outlines o'f the History of ; in connection with the 
Rise of the Arts and Civilization in Europe. By "W. Douglas Hamilton, 
of University College, London, and Edward Levien, M.A., of Balliol 
College, Oxford. 2S. 6d. ; cloth hoards, 3s, 6d. 

7. Rome, Outlines of the History of: from the EarKefet Period, 
to the Christian Era and the Commencement of the Decline of the Empire. 
By Edward Levien, of Balliol College, Oxford. Map, 2s. 6d. ; cl. bds. 3s. 6d. 

9. Chronology of History, Art, Literature, and Progress, 

from the Creation of the World to the Conclusion of the Franco-German War.- 
The Continuation by W. D. Hamilton, F.S.A. 3s. ; cloth boards, 3s. 6d. 
SO. Dates and Events in English History, for the use of 

Candidates in Public and Private Examinations. By the Rev. E. Ranr. is.. 



ENGLISH LANGUAGE AND MISCELLANEOUS. 

11. Grammar of the English Tongue, Spoken and Wntten. 

•with an Introduction to the Study of Comparative Philology. By Hyde- 
Clarke, D.C.L. Fourth Edition, is. 6d. „, ., , ,x- t-u 

II* Philology ! Handbook of the Comparative Philology of Enghsh,, 
Anglo-Saxon, Frisian, Flemish or Dutch, Low or Piatt Dutch, High Dutck. 
or German, Danish, Swedish, Icelandic, Latin, Italian, French, Spanish, andl 
Portuguese Tongues. By Hyde Clarke, D.C.L. is. 

12. Dictionary of the English Language, as Spoken and 

"Written. Containing above 100,000 Words. By Hyde Clarke, •U.C.J,. - 

IS. 6d. ; cloth boards, 4s. 6d. ; completewith the Grammar, cloth bds., ss.M.. 

48. Composition and Punctuation, famiUarly Explained for 

those who have neglected the .Study of Grammar. By Justin Bkenan.- 
40. Derivative Speiling-Book: Giving the Origin of Every Word 
^^ from the Greek, Latin, sSon, German. Teutonic, Dutch, French, Sijamsh,. 

an" other Languages! with their present Acceptation and Pronunciation. 

By J. Rowbotham, F.R.A.S. Improved Editmn. is. 6d. 

51. The Art Of Extempore Speaking : Hints for the Pulpit the 
^ Senate and the Bar. By M. Bautain, Vicar-General and Professor at the 

So?bonne Translatedfroii-tleFrench 7thEdition,carefullycorr^^^^^^^^ 

52. Mining and Quarrying, ^^'i'h the Sciences =°?^«'='f , 'f^f ^; 

with. Krst Book of, for Schools. By J. H. Collins, F.G.S., Lecturer to 
the Miners' Association of Cornwall and Devon, is. r<or,<rT.an"hv 

53. Places and Facts in Political and Physical Geography, 

^"^ for Candidates in Examinations By the Rev. EP-'AR Rand B A is 

C/i Analvtical Chemistry, Qualitative and Quantitative, a i^ourse 

THE SCHOOL MANAGERS' SERIES OF READING 

BOOKS, 4 Tj r 

^^^^'^^iTec^lgfelSranl Son^rTry^C^^^^ 

° '^ °°^' Introductory Primer, id. ^^ ^^ 

Fourth Standard 
Fifth „ 

Sixth 



First Standard . .06 
Second „ . . o 10 

SssONS pr™ the BiELE. ^ ^-^ V ^ T^^S^mentr to whi 

Lessons from the Bible, ^'-g^' "v^i^™ t,ou^"ch Udren. By Rev. C. 

7, STATIONERS' HALL COURT, LUDGATE HILL, E.G. 
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FRENCH. 

24. French Grammar. With Complete and Concise Rules on the 
■ Genders of French Nouns. By G. L. Strauss, Ph.D. is. 6d. 

25. French-English Dictionary. Comprising a large number of 

New Terms used in Eng:ineermg, Mining, &c. By Alfred Elwes. is. 6d. 

26. English-French Dictionary. By Alfred Elwes. 2s. 
25,26. French Dictionary (as above). Complete, in One Vol., 3s. ; 

cloth boards, 3s. 6d. %* Or with the GrAImmar, cloth boards, 4s. fid. 

47. French and English Phrase Book : containing Intro- 
ductory Wessons, with Translations, several Vocabularies of Words, a Col- 
lection of suitable Phrases, and Easy Familiar Dialogues, is. 6d. 



GERMAN. 

39. German Grammar. Adapted for English Students, from 

Heyse's Theoretical and Practical Grammar, by Dr. G. L, Strauss, is. 

40. German Reader ; A Series of Extracts, carefully culled from the 

most approved Authors of Germany ; with Notes, Philological and Ex- 
planatory. By G. L. Strauss, Ph.D. is. 

41-43. German Triglot Dictionary. By Nicholas Esterhazy 

S. A. Hamilton. In Three Parts. Part I. German-French-English. 
Part II. EngliEh-German-French. Part III. French-German-English. 
3s., or cloth boards, 4s. 
41-43 German Triglot Dictionary {as above), together with German 

& 39. Grammar {No. 39), in One Volume, cloth boards, 5s. 



ITALIAM, 

27. Italian Grammar, arranged in Twenty Lessons, with a Course 

of Exercises. By Alfred Elwes. is. 6d. 

28. Italian Triglot Dictionary, wherein the Genders of all the 

Italian and French Nouns are carefully noted down. By Alfred Elwes. 
Vol. I. Italian -English-French. 2S. 6d, 

30. Italian Triglot Dictionary. By A, Elwes. Vol. 2, 

English- French -Italiaa. 2S. 6d. - 

32. Italian Triglot Dictionary. By Alfred Elwes. Vol. 3.- 

French-Italian-English. 2S. 6d. 

28,30, Italian Triglot Dictionary (as above). In One Vol., 7s. 6d. 

32. Cloth boards. 

SPANISH AND PORTUGUESE. 

34, Spanish Grammar, in a Simple and Practical Form. With 

a Course of Exercises. By Alfred Elwes. is. 6d. 

35. Spanish-English and English-Spanish Dictionary, 

Including a large number of Technical Terms used in Mining, Engineering, &c., 
with the proper Accents and the Gender of every Noun. By Alfred Elwes. 
4s. ; cloth boards, 5s. *#* Or with the Grammar, cloth boards, 6s. 
55. Portuguese Grammar, in a Simple and Practical Form, 
With a Course of Exercises. By Alfred Elwes. is. 6d. 

$6. Portuguese- English and English-Portuguese Dic- 
tionary, with the Genders of each Noun. By Alfred Elwhs. 

[/ft the press. 

HEBREW^. 

46*. Hebre-w Grammar. By Dr. Bresslau. is. 6d. 
44. Hebre-w and English Dictionary, Biblical and Rabbinieal; 

containing the Hebrew and Chaldee Roots of the Old Testament Po&tT- 
Rabbinical Writings. By Dr. Bresslau. 6s. 

46. English and Hebre-ssr Dictionary. By Dr. Bresslau. ps. 
44,46. Hebre-wr Dictionary (as above), in Two Vols., complete, with 
46*. the Grammar, cloth boards. t2s. 

LONDON : CROSBY LOCKWOOD AND CO., 
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LATIN. 

19. Latin Grammar. Containing the Inflections and Elementary 

Principles of Translation and Construction. By the Rev. Thomas Goodwin, 
M.A., Head Master of tile Greenwich Proprietary School, is. 

20. Latin-English Dictionary. By the Rev. Thomas Goodwin, 

M.A. 2s. 

22. English-Latin Dictionary ; together with an Appendix of 
Freilch and Italian Words which have their origin from the Latin. By the 
Rev. Thomas Goodwin, M.A. is. 6d. 
20,22. Latin Dictionary (as above). Complete in One Vol., 3s. 6d.; 
cloth boards, 4s. 6d. *,' Or with the Grammar, cloth boards, 5s. 6d. 
LATIN CLASSICS. With Explanatory Notes, in English. 

1. Latin Delectus. Containing Extracts from Classical Authors, 

with Genealogical Vocabularies and Explanatory Notes, by H. Young, is. 6d.- 

2. CsBSaris Commentarix deBello Gallico. Notes, and a Geographical 

Register for the Use of Schools, by H. Young, as. 

3. Cornelius N epos. With Notes. By H. Young, is. 

4. Virgilii Maronis Bucolica et Georgica. With Notes on the Buco- 

lics by W. RusHTON, M.A., and on the Georgics by H. Young, is. 6d. 

5. Virgilii Maronjs .^neis. With Notes, Critical and Explanatory, 

by H. Young. New Edition, revised and improved. "With copious AdiH- 
tional Notes by Rev. T. H. L. Leary, D.C.L., lormerly Scholar of Brasenose 
College, Oxford. 3s. 

S* ^Part I. Books i. — vi., is. 6d. 

S** Part 2. Books vii. — xii., 2S. 

6. Horace ; Odes, Epode, and Carmen S^culare. Notes by H. 

Young, is. 6d. 

7. Horace; Satires, Epistles, iijid Ars Poetica. Notes by W. Brown- 

RiGG Smith, M.A., F.R.G.S. is. 6d. 

8. Sa.Uustii Crispi Catalina et Bellum Jugurthinum. Notes, Critical 

and Explanatory, feyW. M. Donne, B.A., Trin. Coll., Cain. is. 6d. 

9. Terentii Andria et Heautontimorumenos. With Notes, Critical 

and Explanatory, by the Rev. James Davies, M.A. is. 6d. 

10. Terentii Adelphi, Hecyra, Phormio. Edited, with Notes, Critical 

and Explanatory, by the Rev. James Davies, M.A. 2S. 

11. Terentii Eunuchus, Comoedia. Notes, by Rev. J. Davies, M.A. 

IS. 6d. 

12. Ciceronis Oratio pro Sexto Roscio Amerino. Edited, with an 

Introduction, Analysis, and Notes, Explanatory and Critical, by the Rev. 
James Davies, M.A. is. 

13. Ciceronis Ovatdones in Catilinara, Verrem, et pro Archia. 

"With Introduction, Analysis, and Notes, Explanatory and Critical, by Rev. 
T. H. L. Learv, D.C.L. formerly Scholar of Brasenose College, Oxford. 
IS. 6d. 

14. Ciceronis Cato Major, Laelius, Brutus, sive de Senectute, de Ami- 

citia de Claris Oratoribus Dialogi. "With Notes by "W. Browsrigg SHriH, 

M.A., F.R.G.S. 2S. 
16. Ll-vy ! History of Rome. Notes by H. "YoBNG and W. B. Smith, 

M.A. Part i. Books i., ii., is. 6d. 

j6*. Part 2. Books iii., iv., v., is. 6d. 

17* Part 3. Books xxi., xxii., is. 6d. 

19. Latin Verse Selections, from Catullus, TibuUus, Propertius, 

and Ovid. Notes by "W. B. Donne, M.A., Trinity College, Cambridge. 2s. 

20. Latin Prose Selections, from Varro, Columella, Vitruvius, 

Seneca Quintilian, Florus, Velleius Paterculus, Valerius Maximus Sueto- 
nius, Apuleius, &c. Notes by W. B. Donne, M.A. 2s. 

21. Juvenalis Satirse. With Prolegomena and Notes by T. H. S. 

EscOTT, B.A-, Lecturer on Logic at King's College, London. 2S. 
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GREEK. 

14. Greek Grammar, in accordance with the Principles and Philo- 
logical Researches of the most eminent Scholars of our own day. By Hans- 
Claude Hamilton, is. 6d. 

15,17. Greek Lexicon. Containing all the Words in General Use, with 
their Significations, Inflections, and Doubtful Quantities. By Henry R. 
Hamilton. Vol. i. Greek-English, 2s. Gd. ; "Vol. 2. English-Greek, 2S. Or 
the Two Vols, in One, 4s. 6d. ; cloth boards, 5s. 

14,15. Greek Lexicon (as above). Complete, with the Grammar, in. 

17. One Vol., cloth boards, 6s. 

GREEK CLASSICS. With Explanatory Notes in EngUsh. 
I. Greek Delectus. Containing Extracts from Classical Authors, 
with Genealogical Vocabularies and Explanatory Notes, byH. Young. New 
Edition, with an improved and enlarged Supplementary Vocabulary, by John- 
Hutchison, M.A., of the High School, Glasgow, is. 6d. 
2, 3. Xenophon's Anabasis ; or, The Retreat of the Ten Thousand. 
Notes and a Geographical Register, by H. Young. Part i. Books i. to iii.,. 
IS. Part 2. Books iv. to vii., is. 
4. Lucian's Select Dialogues. The Text carefully revised, with' 
Grammatical and Explanatory Notes, by H. Young, is. 6d. 
5-12. Homer, The Works of. According to the Text of Baeumlkin. 
"With Notes, Critical and Explanatory, drawn from the best and latest 
Authorities, with Preliminary Observations and Appendices, by T. H. L. 
Leary, M.A., D.C.L. 
The Iliad: Parti. Books i. to vi., is. 6d. Part 3. Books xiii, to xviii., is. 6d. 
Part 2. Books vii. to xii., IS. 6d. Part 4. Books xix. to xxiv., is. 6d. 
The Odyssey: Parti. Books i. to vi., is. 6d Part 3. Books xiii. to xviii., is. 6d. 
Part 2. Booksvii.toxii., IS. 6d. Part 4. Books xix. to xxiv., and 
Hymns, 2s. 

13. Plato's Dialogues: The Apology of Socrates, the Crito, and 
the Phffido. From the Text of C. F. Hermann. Edited with Notes, Critical 
and Explanatory, by the Rev. James Davies, M.A. 2S. 
14-17. Herodotus, The History of, chiefly after the Text of Gaisford. 
"With Preliminary Observations and Appendices, and Notes, Critical and 
Explanatory, by T. H. L. Leary, M.A., D.C.L. 

Part I. Books i., ii. (The Clio and Euterpe), 2S. 

Part 2. Books iii., iv. (The Xhalia and Melpomene), 2s. 

Part 3. Books v.-vii. (The Terpsichore, Erato, and Polymnia), 2s. 

Part 4. Books viii., ix. (The Urania and Calliope) and Index, is. 6d. 

18. Sophocles: CEdipus Tyrannus. Notes by H. Young, is. 

20. Sophocles : Antigone. From the Text of Dindorf. Notes, 

Critical and Explanatory, by the Rev. John Milner, B.A. 2s. 

23. Euripides : Hecuba and Medea. Chiefly from the Text of Din- 
dorf. "With Notes, Critical and Explanatory, by "W. Brownrigg Smith, 
M.A., F.R.G.S. IS. 6d. 

26. Euripides: Alcestis. Chiefly from the Text of Dindorf. With 
Notes, Critical and Explanatory, by John Milner, B.A. is. 6d. 

30. -<9Eschylus : Prometheus Vinctus : The Prometheus Bound. From 
the Text of Dindorf. Edited, with English Notes, Critical and Explanatory, 
by the Rev. James Davies, M.A. is. 

32. uEsch"ylus ; Septem Contra Thebes : The Seven against Thebes. 
From the Text of Dindorf. Edited, with English Notes, Critical and Ex- 
planatory, by the Rev. James Davies, M.A. is. 

40. Aristophanes : Achamians. Chiefly from the Text of C. H. 

"Weise. "With Notes, by C. S. T. Townshend, M.A. is. 6d. 

41. Thucydides: History of the Peloponnesian War. Notes by H. 

Young. Rook 1. is. 

42. Xenophon's Panegyric on Agesilaus. Notes and Intro- 

duction by Ll. F. W. Jewitt. is. 6d. 

43. Demi sthenes. The Oration on the Crown and the Philippics, 
"With English Notes. By Rev. T. H. L. Leary, D.C.L., formerly Scholar of 
Brasenose College, Oxford, is. 6d. 
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